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Conversion Factors, Datums, and Acronyms

SI to Inch/Pound
Multiply By To obtain
Length
centimeter (cm) 0.3937 inch (in.)
millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft)
meter (m) 1.094 yard (yd)
Area
hectare (ha) 0.003861 square mile (mi*)
square kilometer (km?) 0.3861 square mile (mi*)
Volume
liter (L) 33.82 ounce, fluid (fl. 0z)
liter (L) 2.113 pint (pt)
liter (L) 1.057 quart (qt)
liter (L) 0.2642 gallon (gal)
Mass
gram (g) 0.03527 ounce, avoirdupois (0z)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8x°C)+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/1.8

Vertical coordinate information is referenced to the North American Vertical Datum of 1988

(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Concentrations of chemical constituents in bed-sediment are given either in milligrams per
kilogram (mg/kg) or micrograms per kilogram (ug/kg).

Specific conductance is given in millisiemens per centimeter at 22.8 degrees Celsius (mS/cm).
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Abstract

A study of bed-sediment toxicity and organic and inor-
ganic contaminants was conducted by the U.S. Geological
Survey (USGS) in cooperation with the New Jersey Depart-
ment of Environmental Protection (NJDEP). Bed-sediment
samples were collected once from 22 sites in Barnegat Bay
and selected major tributaries during August—September 2012
and analyzed for toxicity and a suite of organic and inorganic
contaminants by the USGS and the U.S. Army Corps of
Engineers. Sampling sites were selected to coincide with an
existing water-quality monitoring network used by the NJDEP
and others in order to evaluate water-quality conditions in Bar-
negat Bay and the surrounding watershed. Two of the 22 sites
are reference sites and are within or adjacent to the study area;
bed-sediment samples from reference sites allow for compari-
sons of results for the Barnegat Bay watershed to results from
less affected settings within the region. Toxicity testing was
conducted by exposing the estuarine amphipod Leptocheirus
plumulosus and the freshwater amphipod Hyalella azteca to
sediments for 28 days, and the percent survival, difference in
biomass, and individual dry weights were measured. Repro-
ductive effects also were evaluated for estuarine samples.
Bed-sediment samples from four sites within Barnegat Bay
were subjected to a toxicity identification evaluation to deter-
mine probable causes of toxicity. Samples were analyzed for
a suite of 94 currently-used pesticides, 21 legacy pesticides,
24 trace elements, 40 polycyclic aromatic hydrocarbons, 7
polychlorinated biphenyls (PCBs) as Arochlor mixtures, and
145 individual PCB congeners. Concentrations of detected
compounds were compared to sediment-quality guidelines,
where appropriate.

'U.S. Army Corps of Engineers, Research and Development Laboratory,
Vicksburg, Mississippi.

Introduction

The Barnegat Bay Estuarine System is located along the
southeastern shore of New Jersey. In 1995, the U.S. Envi-
ronmental Protection Agency (EPA) officially accepted the
Barnegat Bay Estuary into the National Estuary Program
(NEP), making it one of 28 estuary programs in the United
States (NJDEP, 2010). Through this program, Federal, State,
local, and public stakeholders seek to restore and preserve the
natural resources throughout the bay (NJDEP, 2010). based
on concerns about non-point-source contamination affecting
water quality and habitat loss or alteration, the NEP conducted
an assessment of the bay from 2000 to 2001.

On the basis of data collected from water-quality,
sediment-quality, benthos, and fish-tissue samples from the
2000-2001 NEP study, the overall condition of the bay was
deemed fair. Sediment quality indexes of the bay indicate that
1 percent of sediment is rated poor for sediment toxicity and
12 percent is rated fair or poor for sediment contamination
(EPA, 2007a). The sediment samples collected during the NEP
study were compared to Sediment Quality Guidelines (SQG)
established by Long and others (1998) to assess sediment
toxicity, where available.

The sediment index used by the NEP contains 91
chemical constituents, including metals, polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs),
and legacy pesticides. None of the pesticides that are cur-
rently being applied within the Barnegat Bay watershed were
included in the NEP study (Roy Meyer, NJDEP, written com-
mun., 2011). The purpose of the study was to determine (1) the
occurrence and distribution of selected contaminants in bed
sediments, (2) the toxicity of these bed sediments to amphi-
pods, and where possible, (3) to identify potential sources of
toxicity within Barnegat Bay and major tributaries. Therefore,
during August—September 2012, the U.S. Geological Survey
(USGS), in cooperation with the New Jersey Department of



2 Characterization of Selected Contaminants and Toxicity, Barnegat Bay and Major Tributaries, New Jersey, 2012

Environmental Protection, collected and analyzed bed-sedi-
ment samples from 22 sites within the Barnegat Bay water-
shed. The sites were evenly distributed between contributing
tributaries to the bay and the bay itself. Bed-sediment samples
were analyzed to determine the concentration of currently-
used and legacy pesticides, trace elements, priority and alkyl-
ated PAHs, PCBs as Arochlors mixtures and individual PCB
congeners, organic carbon, and total nitrogen. Values for acute
and chronic toxicity, pH, specific conductance, and grain size
were determined. The data presented in this report can be used
to assess biological changes (loss of submerged aquatic vege-
tation, decline in hard clams, and increase in invasive species)
that could be caused or exacerbated by sediment toxicity.

Geographic Setting

The 75 square mile (mi*) Barnegat Bay Estuarine System
is located within the 660-mi? watershed along the southeast-
ern shores of New Jersey (NJDEP, 2012; fig. 1). The water-
shed, New Jersey Department of Environmental Protection
(NJDEP) Watershed Management Area (WMA) 13, encom-
passes 37 municipalities in Ocean and Monmouth Counties
with a total population of more than 550,000. The population
increases dramatically in the summer owing to seasonal rent-
als and vacationers. As of 2006, 30 percent of the watershed
was classified as urban land (Barnegat Bay Partnership ,
2010).

The watershed hosts a variety of plant communi-
ties, including barrier islands-coastal dune scrub, maritime
forests, submerged aquatic vegetation, tidal wetlands and
upland forests, and freshwater wetlands. These plant com-
munities include biologically significant species such as
American beachgrass (Ammophila breviligulata), bayberry
(Myrica pensylvanica), sour gum (Nyssa sylvatica), a variety
of benthic algae such as Ulva lactuca, meadowland species
including Spartina alterniflora, pitch pines (Pinus rigida) and
scrub oaks (Quercus ilicifolia), and New Jersey rush (Juncus
caesariennsis), and sandy myrtle (Leiophyllum buxifolium)
(Barnegat Bay Partnership, 2010). In 2008, approximately
157,000 acres were protected by Federal and State programs;
additional acres of protected lands are funded by county and
private trusts (Barnegat Bay Partnership, 2010)

Several river systems flow into the bay (fig. 1). The
northernmost contribution is from the Manasquan River,
through the Point Pleasant Canal which was constructed in
1925. Other major tributary systems, which were evaluated in
this study, are Metedeconk River, Toms River, Cedar Creek,
Forked River, Oyster Creek, Mill Creek, and Cedar Run.

Sampling Site Selection and Description

Twenty-two bed-sediment sampling sites were chosen to
coincide with selected water-quality sampling sites used for

the ongoing water-quality monitoring program by the NJDEP
in partnership with the EPA, local government agencies and
commissions, and a university in the Barnegat Bay watershed.
Of these 22 sites, 11 are estuarine sites within Barnegat Bay,
including one reference site in the Edwin B. Forsythe National
Wildlife Refuge in northeastern Atlantic County, N.J. (BB15;
fig. 1), and 11 are freshwater sites on tributaries to Barnegat
Bay, including one reference site (BT17; fig. 1). Reference
sites were chosen on the basis of geographic information
systems (GIS) land-use analysis and stakeholder input to rep-
resent locations with minimal development and little potential
for contamination. Once the sites were selected, the locations
were determined using a hand-held global positioning system
(GPS); detailed notes and photographs were taken to docu-
ment the sampling sites.

The Barnegat Bay estuarine sites were selected to match
NIDEP water-quality stations, where possible; when neces-
sary, a nearby site was identified and sampled (table 1). The
minimally affected reference site for the Barnegat Bay is site
BBI15. This site was chosen because of restrictions on motor-
ized boats and limited access. An important limitation of this
site is that the sediment samples were collected from an anoxic
tidal flat.

The Barnegat Bay freshwater tributary sites were selected
from NJDEP water-quality monitoring sites, and USGS
topographic maps were used to identify tributaries within the
watershed. Field visits were conducted to identify depositional
areas within stream reaches that would be suitable for bed-
sediment sampling (table 1). The freshwater reference site
BT17 is on the Chamberlin Branch of Cedar Creek, located in
the Greenwood Forest/Pasadena Wildlife Management Area in
Ocean County, N.J.

Purpose and Scope

This report describes the methods and procedures used
to determine the concentration of legacy and currently-used
pesticides, trace elements, priority and alkylated PAHs, PCBs
as Arochlor mixtures and individual PCB congeners, and sedi-
ment toxicity, as well as values for pH, specific conductance,
organic carbon, total nitrogen, and grain size in sediment
samples collected from estuarine sites and freshwater tributary
sites within the Barnegat Bay watershed, N.J., during August—
September 2012. Sediment samples were analyzed for a suite
of 94 currently-used pesticides, 21 legacy pesticides, 24 trace
elements, 40 PAHs, 14 PCB Arochlors, and 145 PCB con-
geners. Concentrations of detected compounds are reported.
Results are compared to Sediment Quality Guidelines (SQG)
(Long and others, 1998), where available. Sediment toxicity
and Phase I Sediment Toxicity Identification Evaluation (TIE)
results are also reported. Percentages of dissolved organic
carbon and total nitrogen, grain-size distributions, and values
of sediment-quality characteristics are also presented.
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Methods

Sampling and analytical methods used for inorganic and
organic compounds, sediment toxicity, pH, specific con-
ductance, organic carbon, total nitrogen, and grain size are
described. Sediment Quality Guidelines and Quality Assur-
ance and Quality Control procedures are discussed.

Sampling Methods

Bed-sediment-quality samples were collected by USGS
staff at 11 estuarine sites in Barnegat Bay and 11 freshwater
sites on tributaries to Barnegat Bay, using standard meth-
ods outlined by the USGS and U.S. Environmental Protec-
tion Agency (EPA) (Hladik and others, 2009; Radtke, 2005;
and EPA, 2001a). Sampling was conducted once during
August—September 2012. The upper 2 centimeters (cm) of
bed sediment at freshwater sites and the upper 10 cm of bed
sediment at the bay sites were collected. Appropriate volumes
of sediment were collected on the basis of analytical require-
ments. Samples were homogenized prior to the collection
of subsamples. Subsamples were transferred into dedicated
containers. Subsamples for grain-size analysis were oven
dried at 100 degrees Celsius at the New Jersey Water Science
Center by USGS personnel prior to shipment to the analyz-
ing laboratory. Subsamples for chemical analyses were sieved
(<2 millimeters) to remove plant debris and gravel, transferred
to separate containers, preserved, and shipped to laboratories
for analyses as described in the section “Analytical Meth-
ods.” Unsieved samples for toxicity testing were collected in
dedicated polyurethane containers and shipped to U.S. Army
Corps of Engineers (USACE) for analysis.

Analytical Methods

Bed-sediment samples collected from sites in the Bar-
negat Bay watershed were analyzed for currently-used and
legacy pesticides, trace elements, priority and alkylated PAHs,
and PCBs. Sediment toxicity analysis was performed on all 22
sediment samples, and toxicity identification evaluation tests
were performed on selected samples. Carbon and nitrogen
content, pH and specific conductance, and grain-size percent-
ages were measured in the sediment samples.

Organic and Inorganic Constituents

Ninety-four currently-used and legacy pesticides, as well
as pesticide degradates, were analyzed for by the Pesticide
Fate Research Group (PFRG) laboratory, Sacramento, Cali-
fornia, using the methods described in Hladik and McWayne
(2012; table 2). This method utilizes pressurized liquid extrac-
tion, a series of clean-up steps to remove sulfur and matrix
interferences followed by gas chromatography-mass spectrom-
etry (GC-MS) analysis operating in selective ion monitoring
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mode (SIM). The results are reported in micrograms per
kilogram (ng/kg).

Twenty-one organochlorine pesticides were analyzed at
the U.S. Army Corps of Engineers, Engineer Research and
Development Center (USACE-ERDC), using the U.S. Envi-
ronmental Protection Agency (EPA) Method 8081A, Organo-
chlorine Pesticides with gas chromatography (EPA, 1996;
table 3). This method determines pesticide concentrations in
sediment samples using fused-silica, open-tubular, capillary
columns with electron capture detectors (EPA, 1996). Results
are reported in pg/kg.

Seven PCBs as Arochlors mixtures and 145 individual
PCB congeners were analyzed by gas chromatography, using
EPA Method 8082 at the USACE-ERDC laboratory (EPA,
2007b; table 4, at end of report). This method uses a single- or
dual-column analysis system with electron capture detectors or
electrolytic conductivity detectors (EPA, 2007b). Results are
reported in pg/kg.

Forty priority and alkylated PAHs were analyzed for
using EPA Methods 8270 and 8270C, Semivolatile Organic
Compounds, with gas chromatography-mass spectrometry
(GC-MYS) at the USACE-ERDC laboratory (table 5; EPA,
2007c¢). Results are reported in pg/kg.

Twenty-four trace elements were analyzed for at the
USACE-ERDC using EPA Method SW846/6010C with
inductively coupled plasma-atomic emission spectrometry
(ICP-AES) and SW846/6020A with inductively coupled
plasma-mass spectrometry (ICP-MS; EPA, 2007d and e). Total
mercury was analyzed using EPA 7471A with cold-vapor
atomic absorption, based on the absorption of radiation at a
wavelength of 253.7 nanometers (nm; EPA, 2007f) (table 6).
Results are reported in milligrams per kilogram (mg/kg).

Sediment Toxicity and Toxicological
Identification Evaluation

A 28-day toxicity evaluation was conducted at the
USACE-ERDC for bed-sediment samples with survival and
growth (weight and total biomass) as the determining end-
points. Estuarine samples were also analyzed for reproduc-
tive effects (ratio of neonates to survivors). The amphipod
Leptocheirus plumulosus was used to evaluate the estuarine
sediments using the EPA Method 600/R-01/020 (EPA, 2001b).
Freshwater sediments were evaluated for the amphipod
Hyalella azteca, uvsing the EPA method 600/R-99/064 and
ASTM 2010 standards (EPA, 2000, ASTM, 2010). Statisti-
cal analysis was used to determine significant differences
between field samples and laboratory control and (or) field
reference (BB15 and BT17) samples. The Kolmogorov-D test
was used to determine normal versus non-normal distribution
of the data, and the Bartlett’s test was used to test the vari-
ance. If the variance of the data was determined to be unequal,
a Wilcoxon Rank Sum test was used to determine whether
significant differences occurred. If the variance of the data
was determined to be equal, a Bonferroni T-test was used to
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determine significant differences. On the basis of the observed
reproductive effects during the sediment toxicity study of the
estuarine amphipods, a subset of the samples was selected for
inclusion in a Phase I Toxicity Identification Evaluation (TIE)
(EPA, 2007g).

Sediment TIE analysis consisted of repeating the 28-day
toxicity test on splits of selected sediment samples with the
addition of amendments or treatments to determine potential
sources of toxicity. Five treatments were used: the addition of
activated carbon (used to remove organic contaminants), SIR-
300 cation exchange resin (used to remove metals), a mixture
of activated carbon and SIR-300, sand (tests for dilution
effects from the addition of amendments), and temperature
reduction (tests for metabolic effects that may increase the
toxicity of pyrethroid pesticides) (Hardwood and others, 2009;
Weston and others, 2009). A performance control standard
was also evaluated to ensure that the organisms used were
healthy and the results were due to the applied amendments.
A baseline 28-day toxicity analysis was conducted for each
sample, and results from the amended samples were compared
to the baseline to evaluate the effectiveness of each of the
applied treatments.

Although control performance requirements were met for
survival (80 percent) in the Leptocheirus plumulosus study, the
performance requirement of reproduction in all replicates was
not met. One replicate out of the five tested had no reproduc-
tion, although survival was high in this replicate (85 percent).
Absence of reproduction in a single control replicate may be
related to the addition of single sex amphipods (all male or
all female) to the test replicate. Amphipods are added ran-
domly to the test replicates without regard to sex, so addition
of amphipods of the same sex, although rare, could occur.

The high survival in this replicate coupled with the observed
reproduction in the remaining four replicates indicates that the
absence of reproduction is not indicative of an issue with the
performance of the test system.

Sediment pH and Specific Conductance

The pH and specific conductance of the soil was mea-
sured by the Academy of Natural Sciences of Drexel Uni-
versity (ANSP) in Philadelphia, Pennsylvania, using Solid
Waste-846 Method 9045D and EPA method 120.1, (EPA,
1982, 2004). Results for pH are reported in standard units, and
results for specific conductance are reported in millisiemens
per centimeter at 22.8 degrees Celsius (mS/cm).

Organic Carbon, Total Nitrogen, and Grain Size

The PFRG laboratory conducted the organic carbon and
total nitrogen sediment analyses using EPA Method 440.0
(EPA, 1997). Grain size (sand/silt/clay percentages) analy-
ses were performed by the Rutgers University Soil Testing
Laboratory (RUSTL) in New Brunswick, New Jersey. Oven
dried sediments were analyzed using standard soil measure-
ment techniques and quality-control practices described in Gee

and Bauder (1986). This method was modified to allow for
readings at 6 hours and 52 minutes in addition to a reading at
40 seconds to quantify the percentage of clay-sized particles
present. Quality assurance was maintained at the RUSTL
through their participation in the North American Proficiency
Testing program of the Soil Science Society of America.
Duplicate testing was performed, and a relative percent dif-
ference between duplicate results of less than 20 percent was
required for the data to be considered acceptable. The average
result of duplicate tests was reported.

Quality Assurance/Quality Control

Stringent quality assurance/quality control (QA/QC)
practices were performed at each laboratory where analy-
ses were completed including laboratory duplicates, matrix
spikes, matrix spike duplicates, laboratory control spikes, and
blanks, and standard reference materials were used. Surrogate
compounds were also utilized to help assess bias and vari-
ability that can occur during laboratory analyses. Resulting
data were reported with the associated environmental data and
reviewed by USGS personnel to ensure that the data met the
QA/QC standards described in the Quality Assurance Project
Plan (QAPP) developed for this project with the participa-
tion of the laboratories that conducted the analyses and the
NIDEP (appendix 1). All data presented in this report met the
quality assurance guidelines described in detail in the QAPP.
Values that did not meet all of the quality assurance guidelines
outlined in the QAPP were presented in the associated tables
as “NR” (not reported).

The only currently-used pesticide detected at greater
than the reporting level in laboratory blanks analyzed at the
PFRG laboratory was napropamide (4.5 ng/kg). Values of
napropamide that were less than 3 times the detection value
in the blank were censored. Of the compounds detected above
the reporting limit in duplicate estuarine samples, the relative
percent differences were carbaryl, 13 percent, and prometon,
21 percent. Of the compounds detected—alachlor, bifenthrin,
and metalaxyl—at greater than the reporting limit in duplicate
freshwater samples, the relative percent differences were 29,
11, and 15 percent, respectively. Matrix spike recoveries for
all estuarine samples ranged from 70 to 117 percent and for all
freshwater samples ranged from 47 to 119 percent. Final sur-
rogate compound (*C-cis permethrin, *C-DDE, and "*C-triflu-
ralin) percent recoveries in sediment ranged from 71 to 80 per-
cent for estuarine samples and 70 to 80 percent for freshwater
samples. The mean and standard deviation for percent recover-
ies for the surrogate *C-cis permethrin were 79 +4.9 percent
for estuarine samples and 83 +12.3 percent for freshwater
samples. The mean and standard deviation for percent recov-
eries of the surrogate *C-DDE were 79 +5.3 percent for
estuarine samples and 81 +7.2 percent for freshwater samples.
The mean and standard deviation for percent recoveries of the
surrogate *C-trifluralin were 88 +17.4 percent for estuarine
samples and 87 £10.7 percent for freshwater samples.
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Table 2. Method detection limits and frequencies of detection for currently-used pesticides in bed-sediment samples collected from
11 estuarine and 11 freshwater sites within the Barnegat Bay watershed, New Jersey, August—September, 2012.

[Samples were analyzed at the U.S. Geological Survey, Pesticide Fate Research Group, Sacramento, California, using method described in Hladik and
McWayne, 2012. ug/kg, micrograms per kilogram]

Method Frequencies of detection Method Frequencies of detection
Compound detection Al Estuarine Freshwater Compound detection All Estuarine Freshwater
limit sites sites sites limit sites sites sites

(na/kg)  (percent) (percent) (percent) (na/kg) (percent) (percent) (percent)
3,4-DCA 1.3 0 0 0 Iprodione 0.9 0 0 0
3,5-DCA 1.5 5 0 9 Kresoxim-methyl 0.6 0 0 0
Alachlor 0.6 27 0 55 Lambda-Cyhalothrin 0.7 0 0 0
Allethrin 1.7 0 0 0 Malathion 1.0 0 0 0
Atrazine 1.5 0 0 0 Metalaxyl 1.9 32 18 45
Azinphos-methyl 1.7 0 0 0 Metconazole 1.2 0 0 0
Azoxystrobin 0.9 0 0 0 Methidathion 1.8 0 0 0
Bifenthrin 0.6 18 0 36 Methoprene 1.6 0 0 0
Boscalid 1.2 0 0 0 Methyl parathion 1.1 0 0 0
Butylate 1.3 0 0 0 Metolachlor 0.7 0 0 0
Captan 3.1 0 0 0 Molinate 1.0 0 0 0
Carbaryl 1.2 9 9 9 Myclobutanil 1.7 0 0 0
Carbofuran 1.2 0 0 0 Napropamide 0.9 0 0 0
Chlorothalonil 1.1 5 0 9 Oxyfluorfen 1.9 5 0 9
Chlorpyrifos 0.9 0 0 0 Pebulate 0.9 0 0 0
Clomazome 2.0 0 0 0 Pendimethalin 0.8 18 0 36
Cycloate 0.8 0 0 0 Pentachloroanisole (PCA) 1.1 0 0 0
Cyfluthrin 1.3 0 0 0 Pentachloronitrobenzene (PCNB) 1.1 0 0 0
Cypermethrin 1.2 0 0 0 Permethrin 0.9 0 0 0
Cyproconazole 1.0 0 0 0 Phenothrin 0.9 0 0 0
Cyprodinil 1.7 18 0 36 Phosmet 0.9 0 0 0
DCPA 1.7 0 0 0 Piperonyl butoxide 1.2 0 0 0
Deltamethrin 1.3 0 0 0 Prometon 1.3 0 0 0
Desulfinylfipronil 1.8 18 0 36 Prometryn 2.7 18 9 27
Diazinon 1.6 0 0 0 Propanil 22 0 0 0
Difenoconazole 1.0 0 0 0 Propiconazole 1.1 0 0 0
E- Dimethomorph 1.5 0 0 0 Propyzamide 1.5 0 0 0
EPTC 0.8 0 0 0 Pyraclostrobin 1.1 9 18 0
Esfenvalerate 1.0 0 0 0 Pyrimethanil 1.1 0 0 0
Ethalfluralin 1.2 0 0 0 Remethrin 1.3 0 0 0
Etofenprox 1.0 0 0 0 Simazine 1.3 0 0 0
Famoxadone 1.7 0 0 0 Tau-Fluvalinate 1.2 0 0 0
Fenarimol 1.4 0 0 0 Tebuconazole 1.2 0 0 0
Fenbuconazole 1.8 0 0 0 Tefluthrin 0.7 0 0 0
Fenhexamide 2.5 0 0 0 Tetraconazole 1.1 0 0 0
Fenpropathrin 1.0 0 0 0 Tetramethrin 0.9 0 0 0
Fipronil 1.6 0 0 0 Thiobencarb 0.6 0 0 0
Fipronil sulfide 1.5 5 0 9 Triadimefon 1.5 0 0 0
Fipronil sulfone 1.0 0 0 0 Triadimenol 1.5 0 0 0
Fluazinam 2.1 0 0 0 Trifloxystrobin 1 0 0 0
Fludioxinil 2.5 0 0 0 Triflumizole 1.1 0 0 0
Fluoxastrobin 1.2 0 0 0 Trifluralin 0.9 0 0 0
Flusilazole 22 0 0 0 Triticonazole 1.8 5 0 9
Flutriafol 1.1 0 0 0 Vinclozolin 1.2 0 0 0
Hexazinone 0.9 0 0 0 Zoxamide 1.1 0 0 0
Imazalil 1.8 0 0 0
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Table 3. Method detection limits and frequencies of detection for legacy pesticides in bed-sediment
samples collected from 11 estuarine and 11 freshwater sites within the Barnegat Bay watershed,
New Jersey, August—September, 2012.

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg,
Mississippi, using the U.S. Environmental Protection Agency Methods 8081A. pg/kg, micrograms per kilogram; BHC,

benzenehexachloride]
Sediment method Frequencies of detection
Compound detection limit range All sites Estuarine sites  Freshwater sites
(ng/kg) (percent) (percent) (percent)

4,4'-DDE 0.18-1.26 73 73 73
4,4'-DDD 0.18-1.26 91 91 91
4,4-DDT 0.18-1.26 36 0 73
Aldrin 0.18-1.26 0 0 0
Alpha-BHC 0.18-1.26 0 0 0
Beta-BHC 0.18-1.26 0 0 0
Delta-BHC 0.18-1.26 0 0 0
Gamma-BHC (Lindane) 0.18-1.26 0 0 0
Alpha-Chlordane 0.18-1.26 18 0 36
Gamma-Chlordane 0.18-1.26 0 0 0
Dieldrin 0.18-1.26 14 0 27
Endosulfan I 0.18-1.26 0 0 0
Endosulfan 11 0.18-1.26 0 0 0
Endosulfan sulfate 0.18-1.26 0 0 0
Endrin 0.18-1.26 0 0 0
Endrin aldehyde 0.18-1.26 0 0 0
Endrin ketone 0.18-1.26 0 0 0
Heptachlor 0.18-1.26 0 0 0
Heptachlor epoxide 0.18-1.26 9 0 18
Methoxychlor 0.18-1.26 0 0 0
Toxaphene 7.24-50.0 0 0
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Table 5. Reporting limits and frequencies of detection for polycyclic aromatic hydrocarbons (PAHs) in bed-sediment samples
collected from 11 estuarine and 11 freshwater sites within the Barnegat Bay watershed, New Jersey, August-September, 2012.

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg, Mississippi, using the U.S. Environ-
mental Protection Agency Methods 8270/8270C. pg/kg, micrograms per kilogram]

Frequencies of detection

Reporting limit range

Analyte ( All sites Estuarine sites Freshwater sites
ng/kg)
(percent) (percent) (percent)
Priority PAHs
Acenaphthene 0.86-5.84 41 9 73
Acenaphthylene 0.86-5.84 14 0 27
Anthracene 0.86-5.84 82 73 91
Benzo(a)anthracene 0.86-5.84 95 91 100
Benzo(a)pyrene 0.86-5.84 86 91 82
Benzo(b)fluoranthene 0.86-5.84 95 91 100
Benzo(g,h,i,)perylene 0.86-5.84 86 91 82
Benzo(k)fluoranthene 0.86-5.84 91 91 91
Chrysene 0.86-5.84 95 91 100
Dibenz(a,h)anthracene 0.86-5.84 54 36 72
Fluoranthene 0.86-5.84 91 91 91
Fluorene 0.86-5.84 45 9 82
Indeno(1,2,3-cd)pyrene 0.86-5.84 91 91 91
Naphthalene 0.86-5.84 73 64 82
Phenanthrene 0.86-5.84 91 82 100
Pyrene 0.86-5.84 95 91 100
Other PAHs
Benzo(e)pyrene 0.86-5.84 95 91 100
Biphenyl 0.86-5.84 23 9 36
cis-Decalin 0.86-5.84 0 0 0
Dibenzothiophene 0.86-5.84 32 0 64
Perylene 0.86-5.84 91 91 91
trans-Decalin 0.86-5.84 0 0 0
Alkylated PAHs
1-Methylnaphthalene 0.86-5.84 23 9 36
1-Methylphenanthrene 0.86-5.84 32 0 64
2,3,5-Trimethylnaphthalene 0.86-5.84 14 9 18
2,6-dimethylnaphthalene 0.86-5.84 23 9 36
2-Methylnaphthalene 0.86-5.84 27 18 36
3,6-dimethylphenanthrene 0.86-5.84 23 9 36
C1-Benz(a)anthracene/Chrysene 0.86-5.84 91 91 91
C1-Fluoranthenes/Pyrenes 0.86-5.84 100 100 100
C1-Fluorenes 0.86-5.84 64 55 73
C1-Phenanthrenes/Anthracenes 0.86-5.84 91 91 91
C2-Benz(a)anthracene/Chrysene 0.86-5.84 0 0 0
C2-Fluoranthene/Pyrene 0.86-5.84 73 73 73
C2-Fluorenes 0.86-5.84 0 0 0
C2-Naphthalenes 0.86-5.84 77 64 91
C2-Phenanthrenes/Anthracenes 0.86-5.84 86 100 73
C3-Benz(a)anthracene/Chrysene 0.86-5.84 0 0 0
C3-Naphthalenes 0.86-5.84 73 64 82

C3-Phenanthrenes/Anthracenes 0.86-5.84 55 64 45
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Table 6. Reporting limits and frequencies of detection for trace
elements in bed-sediment samples collected from 11 estuarine
and 11 freshwater sites within the Barnegat Bay watershed,
New Jersey, August—September, 2012.

[Samples were analyzed at the U.S. Army Corps of Engineers, Engi-

neer Research Development Center, Vicksburg, Misissippi, using U.S.
Environmental Protection Agency Methods SW846/6010 (Target Analyte
List Metal) and 7471A (Mercury in Soil Sediment. mg/kg, milligrams per
kilogram, dry weight)]

Frequencies of detection

Reporting -
Analyte limit All sites Estl_ltarme Frestltwater
(mg/kg) (percent) (p::ce:nt) (p::ceesnt)
Aluminum 4.00 91 91 91
Antimony 0.50 0 0 0
Arsenic 0.50 86 100 73
Barium 0.50 95 100 91
Beryllium 0.50 41 36 45
Cadmium 0.50 18 9 27
Calcium 4.00 95 91 100
Chromium 0.50 100 100 100
Cobalt 0.50 86 91 82
Copper 0.50 90 81 100
Iron 4.00 95 100 91
Lead 0.50 82 73 91
Magnesium 4.00 100 100 100
Manganese 0.50 95 91 100
Mercury 0.004 77 91 64
Molybdenum 0.500 55 73 36
Nickel 0.50 100 100 100
Potassium 4.00 95 91 100
Selenium 0.50 73 73 73
Silver 0.50 9 0 18
Sodium 4.00 95 91 100
Thallium 0.50 5 9 0
Vanadium 0.50 95 91 100
Zinc 0.50 100 100 100

There were no detections in laboratory blanks greater
than the reporting limit for legacy pesticides analyzed for at
the USACE-ERDC laboratory. Of the compounds detected
at greater than the reporting limit in duplicate estuarine
samples—4,4’-DDD and 4,4’-DDE—the relative percent dif-
ferences were 42 and 45 percent, respectively. Of the com-
pounds detected at greater than the reporting limit in duplicate
freshwater samples (4,4'-DDD, 4,4’-DDE, and 4,4'-DDT),
the relative percent differences ranged from 23 to 53 percent.
Laboratory control spike percent recoveries for estuarine sam-
ples ranged from 97 to 150 percent and for freshwater samples
from 62 to 112 percent. Matrix spike percent recoveries for
estuarine samples ranged from 49 to 111 percent, and freshwa-
ter matrix spike percent recoveries ranged from 56 to 129 per-
cent. For matrix spike duplicate samples, relative percent

difference for estuarine samples ranged from 1.6 to 22 percent
and for freshwater samples from 0.03 to 32 percent. Standard
reference materials for legacy pesticide percent recoveries
ranged from 25 to 92 percent. Two surrogate compounds
were used as part of the laboratory QA/QC process for legacy
pesticides (2,4,5,6 tetrachloro-m-xylene and decachlorobiphe-
nyl). Percent recoveries associated with estuarine samples for
the surrogate 2,4,5,6 tetrachloro-m-xylene ranged from 20 to
55 percent with a mean and standard deviation of 39 +10 per-
cent, and for decachlorobiphenyl from 34 to 99 percent with a
mean and standard deviation of 71 £19 percent. Percent recov-
eries associated with freshwater samples for the surrogate
2,4,5,6 tetrachloro-m-xylene ranged from 25 to 100 percent
with a mean and standard deviation of 57 £20 percent and for
decachlorobiphenyl from 52 to 124 percent with a mean and
standard deviation of 89 +23 percent.

There were no detections in the laboratory blanks greater
than the reporting limit for any PCB Arochlor mixtures or
congeners analyzed for at the USACE-ERDC laboratories.
There were no detections greater than the reporting limit in
any of the arochlor or congener duplicate samples. Labora-
tory control spikes for PCB Arochlor mixtures ranged from
79 to 94 percent. Matrix spike recoveries ranged from 49
to 55 percent, and matrix spike relative percent differences
ranged from 18 to 28 percent in the estuarine QA/QC sample.
PCB congener laboratory control spike recoveries for estua-
rine (excluding BB15) samples ranged from 48 to 123 percent,
and laboratory spike duplicate recoveries ranged from 42 to
120 percent; for freshwater (and BB15), samples ranged from
49 to 104 percent. Matrix spike recoveries for PCB congeners
in freshwater (and BB15) samples ranged from 57 to 144 per-
cent, and matrix spike duplicate recoveries ranged from 46 to
121 percent. The surrogate decachlorobiphenyl was used in
the laboratory QA/QC process for PCB Arochlor mixtures.
The percent recoveries associated with estuarine samples
ranged from 46 to 110 percent and with freshwater samples
ranged from 54 to 109 percent. Two surrogate compounds
were used as part of the laboratory QA/QC process for PCB
congeners—2,4,5,6 tetrachloro-m-xylene and decachloro-
biphenyl. Percent recoveries associated with the estuarine
samples for 2,4,5,6 tetrachloro-m-xylene ranged from 26 to
93 percent with a mean and standard deviation of 66 +19 per-
cent and for decachlorobiphenyl, 21 to 80 percent with a mean
and standard deviation of 46 £25 percent. Percent recoveries
associated with freshwater samples for 2,4,5,6 tetrachloro-
m-xylene ranged from 23 to 104 percent with a mean and
standard deviation of 69 +25 percent and for decachlorobiphe-
nyl, 39 to 81 percent with a mean and standard deviation of
60 £13 percent.

There were no detections of PAHs at greater than the
reporting limit for any of the laboratory blank samples
analyzed at the USACE-ERDC laboratory. For PAH com-
pounds detected in freshwater duplicate samples, the relative
percent difference ranged from 0.28 to 57 percent. Labora-
tory control spike recoveries for estuarine samples ranged
from 49 to 88 percent. Matrix spikes recoveries ranged from



42 to 183 percent, and matrix spike duplicate relative percent
differences ranged from 0.04 to 9 percent. Laboratory control
spiked recoveries in freshwater samples ranged from 64 to

114 percent, matrix spike recoveries ranged from 14 to 113
percent, and matrix spike duplicate relative percent differences
ranged from 0.0 to 76 percent. Two surrogate compounds were
used in the laboratory QA/QC process—2-fluorobiphenyl and
terphenyl-dl4. Percent recoveries for 2-fluorobiphenyl associ-
ated with estuarine samples ranged from 10 to 60 percent with
a mean and standard deviation of 45 £14 percent, and percent
recoveries for terphenyl-dl4 ranged from 56 to 101 percent
with a mean and standard deviation of 83 +£13 percent. Percent
recoveries for 2-fluorobiphenyl associated with freshwater
samples ranged from 30 to 80 percent with a mean and stan-
dard deviation of 58 £15 percent, and percent recoveries for
terphenyl-dl4 ranged from 58 to 105 percent with a mean and
standard deviation of 84 +17 percent.

Several trace element compounds (aluminum, barium,
calcium, copper, lead, sodium, manganese, potassium, and
zinc) were detected at greater than the reporting limit in
laboratory blank samples and were censored where appropri-
ate if the detection was greater than 3 times the reported value
in the sample. For the trace elements detected at greater than
the reporting limit in duplicate estuarine samples, the rela-
tive percent difference ranged from 0.07 to 17.2 percent and
in freshwater samples from 0.6 to 27 percent. Laboratory
control spike recoveries in estuarine samples ranged from
79 to 115 percent. Matrix spike recoveries ranged from 2 to
141 percent, and matrix spike duplicate relative percent differ-
ences ranged from 12 to 133 percent. Laboratory control spike
recoveries in freshwater samples ranged from 93 to 115 per-
cent. Matrix spike recoveries ranged from 16 to 169 percent,
and the matrix spike duplicate relative percent difference
(mercury only) was 194 percent. Standard Reference Materials
(SRM) 2709a, 2710a, and 2711a were used in the laboratory
QA/QC process (National Institute of Standards and Tech-
nology, 2009a, b, and c¢). For SRM 2709a, the recovery was
18 percent. For SRM 2710a, the recoveries ranged from 2 to
103 percent, and for SRM 2711a, the recoveries ranged from 2
to 91 percent.

Sediment pH and Specific Conductance

For pH, check measurements were within allowable
limits of standards, £0.1 pH standard units of 7.0. For specific
conductance, check measurements were within 1 percent of
the standard solutions used, determined during ambient field
conditions. The specific conductance standards used for estua-
rine samples were 5.0, 24.8, and 100 mS/cm, and for freshwa-
ter samples, the standards used were 0.7, 5.0, and 24.8 mS/cm.

Sediment Quality Guidelines

Sediment Quality Guidelines (SQG) used in this report to
determine toxicity were assembled by Long and others (1998;
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table 7). These guidelines are not intended as regulatory
policy. The guidelines are used to interpret chemical data and
potential toxicity. If a guideline is not available for a specific
compound, toxicity may still be possible. Effects Range-Low
(ER-L) and Effects Range-Medium (ER-M) guidelines with
established concentration levels were used to aid in determin-
ing where adverse biological effects are likely. Calculations
of SQGs are performed on dry weight samples and do not
take into account all potential geochemical effects. Adverse
effects are not likely to occur in samples where concentrations
are detected at less than the ER-L. In contrast, it is likely that
adverse effects will frequently occur when concentrations are
detected at greater than the ER-M (Long and others, 1998).
Additional information regarding the process used to establish
these guidelines and their intended use and limitations are
provided in Long and others (1998).

Table 7. Sediment Quality Guidelines with Effects Range-Low
and Effects Range-Medium for selected polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and
trace elements.

[Sediment quality guidelines are from Long and others, 1995. ER-L, Effects
Range-Low; ER-M, Effects Range-Medium; pg/kg, micrograms per kilo-
gram; mg/kg, milligrams per kilogram]

Compound ER-L ER-M
PAHs (ug/kg)
2-Methylnaphthalene 70 670
Acenaphthylene 16 640
Anthracene 85.3 1,100
Benzo (a) anthracene 261 1,600
Benzo (a) pyrene 430 1,600
Chrysene 384 2,800
Dibenz (a,h) anthracene 63.4 260
Fluoranthene 600 5,100
Fluorene 19 540
Naphthalene 160 2,100
Phenanthrene 240 1,500
Pyrene 665 2,600
Total PAHs 4,022 44,792
PCBs (pg/kg)
Total PCBs 22.7 180
Trace elements (mg/kg)

Arsenic 8.2 70
Cadmium 1.2 9.6
Chromium 81 370
Copper 34 270
Lead 46.7 218
Mercury 0.15 0.71
Nickel 20.9 51.6
Silver 1 3.7
Zinc 150 410
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Bed-Sediment-Bound Organic and
Inorganic Contaminants and Toxicity

The results of chemical and toxicological analyses of bed
sediment are described in this section.

Organic and Inorganic Constituents

Twenty-two bed-sediment samples were analyzed by the
PFRG laboratory for 94 currently-used and legacy pesticides
and their degradates (table 2). Results were obtained for 91 of
the 94 pesticides. Results for the three legacy compounds ana-
lyzed by USACE—4,4'-DDE, 4,4’-DDD, and 4,4-DDT—are
not reported. Of the 91 compounds reported, 14 were detected
at or greater than the reporting limit. The two most frequently
detected pesticides or degradates were the fungicide metalaxyl
(32 percent of samples) and the herbicide alachlor (27 per-
cent). Concentrations of currently-used pesticides ranged
from less than the detection limit in most compounds to 115
micrograms per kilogram (pg/kg) (Cyprodinil; table 8, at end
of report).

Four currently-used pesticides were detected at or greater
than the reporting limit in estuarine bed-sediment samples
(table 2). The two most frequently detected currently-used
pesticides or degradates in estuarine samples were metalaxyl
and pyraclostrobin (both 18 percent). Carbaryl and prometryn
were detected at or greater than the reporting limit in 9 percent
of the estuarine samples. Concentrations ranged from less than
the detection level to 21 pg/kg (carbaryl at BBO1). Of the 11
estuarine sites sampled, the sites that had the highest num-
ber of compounds detected for currently-used pesticides or
degradates were BBO1 and BBOSA, each with two compounds
detected at or greater than the reporting limit (table 8). Eight
sites had no detections above the reporting limit (table 8).

Twelve currently-used pesticide compounds were
detected at or greater than the reporting limit in freshwater
bed-sediment samples. The most frequently detected com-
pounds were alachlor (55 percent), and metalaxyl (45 per-
cent) (table 2). Bifenthrin, desulfinylfipronil, pendimethalin,
and cyprodinil were detected in 36 percent of the samples.
Concentrations ranged from less than the detection level to
115 pg/kg (cyprodinil at BT0S). Of the 11 freshwater sites
sampled, the sites with the highest number of currently-used
pesticide compounds detected were BT04 (7 compounds),
BTO1, and BT12 (5 compounds; table 8). The reference site
BT17 had no detections.

Twenty-one organochlorine pesticides were analyzed
for by the USACE-ERDC laboratory in 22 (11 estuarine and
11 freshwater) bed-sediment samples (table 3). The two most
frequently detected compounds were 4,4'-DDD and 4,4'-DDE
(91 and 73 percent, respectively). Concentrations ranged from
less than the detection level to 326 pg/kg (4,4-DDD; table 9).
In estuarine bed-sediment samples, there were no detections
of any organochlorine pesticides other than 4,4’-DDD and

4,4'-DDE, with detections ranging from less than the reporting
limit to 0.4 ng/kg (BBO7A).

Of the 21 compounds analyzed, 6 compounds were
detected at greater than the reporting level in freshwater bed-
sediment samples—4,4’-DDD (91 percent), 4,4’-DDE (73 per-
cent), alpha-chlordane (36 percent), 4,4-DDT (33 percent),
dieldrin (27 percent), and heptachlor epoxide (18 percent;
table 3). Concentrations of all compounds ranged from less
than the detection limit to 326 ng/kg (4,4’-DDD). Of the 11
freshwater sites, only BT17 (reference site) had no detections.
The site with the highest total detections was BT05 (6 com-
pounds; table 9). BT 12 had the highest total concentration,
719 pg/kg.

Fourteen PCBs as Arochlor mixtures and 145 indi-
vidual PCB congeners in twenty-two (11 estuarine and 11
freshwater) bed-sediment samples were analyzed for at the
USACE-ERDC laboratory (table 4). Only one PCB Arochlor
was detected at greater than the reporting level, PCB Aro-
chlor-1254 (99.5 pg/kg) at BTO03 (table 10, at end of report).
Fifty-seven individual PCB congeners were detected at or
greater than the reporting limit (table 4). The most frequently
detected congener was 2,3',4,4',5-pentachlorobiphenyl (118)
(41 percent, table 4). Concentrations of PCB congeners ranged
from less than the detection level to 13.9 ng/kg (table 10).

Twenty-four individual PCB congeners were detected at
or greater than the reporting limit in estuarine bed-sediment
samples. The most frequently detected compounds were
2,4,4'-Trichlorobiphenyl (28) and 2,3',4,4',5-Pentachlorobi-
phenyl (118) (45 percent each, table 4). The site with the most
compounds detected was BB15 (15 compounds) (table 10).

Fifty-one individual PCB congeners were detected at or
greater than the reporting limit in freshwater bed-sediment
samples. The most frequently detected compounds were
2,3,3",4,4"-pentachlorobiphenyl (105), 2,3',4,4',5-pentachloro-
biphenyl (118), and 2,2",3,3",4,5,6-heptachlorobiphenyl (173)
(36 percent each). The site with the most compounds detected
was BT03 (48 compounds) (table 10).

Forty PAH and alkylated PAH compounds were ana-
lyzed for at the USACE-ERDC laboratory in 22 bed-sediment
samples (table 5). Of the 22 PAH compounds, 20 were
detected at or greater than the reporting limit (table 11, at end
of report). The most frequently detected compounds were
benzo(a)anthracene, benzo(b)fluoranthene, benzo(e)pyrene,
chrysene, and pyrene (95 percent), and benzo(k)fluoranthene,
fluoranthene, indeno(1,2,3-cd)pyrene, perylene, and phenan-
threne (91 percent; table 11). Concentrations ranged from less
than the detection level to 3,870 pg/kg (fluoranthene). Nine
compounds exceeded the SQG ER-L (fluorene, dibenz(a,h)
anthracene, anthracene, benzo(a)pyrene, phenanthrene,
benzo(a)anthracene, chrysene, pyrene, and fluoranthene).
Pyrene also exceeded the ER-M. Fifteen of the 18 alkylated
PAHs were detected at greater than the reporting level. Some
of the most frequently detected were C1-fluoranthenes/pyrenes
(100 percent), C1-phenanthrenes/anthracenes, and C1-benz(a)
anthracene/chrysene (91 percent; table 11).
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Eighteen PAH compounds were detected above the
reporting limit in estuarine bed-sediment samples (table 11).
Benzo(a)pyrene, benzo(g,h,i)perylene, benzo(k)fluoranthene,
benzo(a)anthracene, benzo(b)fluoranthene, benzo(e)pyrene,
indeno(1,2,3-cd)pyrene, chrysene, fluoranthene, perylene,
and pyrene were detected in greater than 90 percent of the
samples. Concentrations ranged from less than the detection
level to 156 pg/kg (fluoranthene). All 11 estuarine sites had
detections of PAH compounds. Total concentrations ranged
from 4.54 pg/kg (BB06) to 638 pg/kg (BBO7A). Fourteen
alkylated PAHs were detected at or greater than the reporting
level in estuarine samples with C1-fluoranthenes/pyrenes and
C2-phenanthrenes/anthracenes detected in 100 percent of the
estuarine bed-sediment samples. All estuarine sites had detec-
tions of alkylated PAHs, with total concentrations ranging
from estimated 4.53 (BB06) to estimated 177 (BB07A) ng/kg.
No alkylated PAH in any estuarine bed-sediment sample
exceeded either of the SQGs.

Twenty of the 22 PAH compounds were detected in
the 11 freshwater bed-sediment samples. Pyrene, chrysene,
benzo(e)pyrene, benzo(b)fluoranthene, benzo(a)anthracene,
and phenanthrene were all detected in 100 percent of those
samples (table 5). Concentrations of PAHs ranged from less
than the detection level to 3,870 pg/kg (fluoranthene). All
11 freshwater samples had detections of PAH compounds
with total concentrations ranging from 24.5 pg/kg (BT17)
to 15,815 pg/kg (BTOS; table 11). Of the 18 alkylated PAH
compounds detected at greater than the reporting limit, 10
were found in at least 45 percent of bed-sediment samples;
Cl-fluoranthenes/pyrenes was detected in 100 percent of the
sampled sediments. Concentrations ranged from less than the
detection level to 744 (estimated) pg/kg (C1-fluoranthenes/
pyrenes). Every freshwater bed-sediment site had at least
one alkylated PAH compound detected; BT12 had the most
detections (15 compounds). Five freshwater bed-sediment
sites had one or more exceedance(s) of the SQG ER-L (BTO1,
BT02, BT04, BT05, and BT12), and one site had an exceed-
ance of the ER-M for pyrene (BT05) (table 11). Total PAHs
(not including alkylated PAH detections) at three sites (BT01,
BT04, and BT05) also exceeded the SQG ER-L.

Twenty-four trace elements were analyzed in bed-
sediment samples from 22 sites at the USACE-ERDC labora-
tory (table 6). Antimony was not detected at greater than the
reporting level in any sample from any estuarine or freshwater
site. Five trace elements were detected in 100 percent of all
estuarine and freshwater samples (table 12, at end of report).
Concentrations ranged from below the detection limit to
29,800 mg/kg (iron). Of the 9 trace elements analyzed for
that have established SQG criteria, 5 had concentrations that
exceeded the SQG ER-L (arsenic, cadmium, lead, mercury,
and nickel) (table 7).

Concentrations of 23 of the 24 trace elements were
greater than the detection limit in the 11 estuarine samples.
Eight were detected in 100 percent of the samples (arsenic,
barium, calcium, chromium, iron, magnesium, nickel, and
zinc). Concentrations ranged from less than the detection level

to 29,800 mg/kg (iron) (table 12). Total trace element concen-
trations ranged from 3,372 mg/kg (BBO1) to 45,665 mg/kg
(BB15). Three sites had exceedances of the SQG ER-L, BB03
and BB06 for mercury, and BB15 for arsenic, mercury, and
nickel; BB06 had an exceedance of the ER-M for mercury.

Twenty-two of the 24 trace elements analyzed for in the
freshwater bed-sediment samples were detected at greater than
the reporting limit; 11 of them were detected in 100 percent of
the samples (barium, calcium, chromium, copper, magnesium,
manganese, nickel, potassium, sodium, vanadium, and zinc)
(table 12). Concentrations ranged from less than the detection
level to 10,300 mg/kg (iron). Total trace element concentra-
tions ranged from 1,205 mg/kg (BT17) to 17,444 mg/kg
(BTOS5). Five of the freshwater sites had exceedances of the
SGQ ER-L for at least one trace element (cadmium, mercury
or lead) (BTO1, BT05, BT06, BT07, BT15).

Sediment Toxicity

Twenty-two bed-sediment samples (11 estuarine samples
and 11 freshwater samples ) were analyzed at the USACE-
ERDC laboratory to determine sediment toxicity. The estua-
rine amphipod Leptocheirus plumulosus and the freshwater
amphipod Hyalella azteca were used to determine the percent
survival, difference in biomass, and individual dry weight
following a 28-day exposure to sediment samples. Repro-
ductive effects were determined for estuarine samples by
calculating the Leptocheirus plumulosus survivor/neonate
ratio to determine whether any reproductive effects could be
observed. Results were compared to control samples analyzed
in conjunction with the environmental samples. Endpoint and
initial weight results of these analyses are reported in appen-
dixes 2—4.

Results of the sediment toxicity analyses for the 28-day
exposure tests indicate no significant differences in the means
for the estuarine amphipod for survival when compared to
the laboratory control or the reference site (BB15) (table 13).
Significant decreases in the means were observed in biomass
weight between sediment samples and the reference sample
(BB15); however, no significant differences were observed
when compared to the laboratory control. Analyses of indi-
vidual dry weight indicated significant decreases in the means
in 80 percent of samples when compared to the mean for
BBI15 (no significant differences were noted at BBO1 and
BBO07A), but no differences were observed when compared to
the laboratory control sample (table 13). A significant decrease
in reproductive endpoints was observed at four estuarine
sites—BBO01, BBO7A, BB09, and BB10—when compared to
the reference site sample (BB15) and the laboratory control
sample (table 13). On the basis of these results, these four sites
were selected for further toxicity analysis by Phase I Toxicol-
ogy Identification Evaluation (TIE).

The Phase I TIE results showed no statistical difference
in the means between the amended sediment samples and
the baseline samples for survival, reproduction, or individual
dry weight for 3 of the 4 sites analyzed (BBO1, BBO7A,
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and BB09) (table 14). For BB10, there were statistically
significant differences between the means of the baseline
sample and the means of the sediment samples amended
with SIR-300 or sediment samples amended with a mixture
of activated carbon and SIR-300 for individual dry weight
and survival, and the reduction of temperature for survival
(table 14).

Results of the sediment toxicity analyses for the 28-day
exposure tests showed no significant differences in the means
for the freshwater amphipod Hyalella azteca for survival or
biomass when compared to the control sample or reference
sample (BT17) (table 15). Significant differences were seen
in the individual dry weight between the reference sample
(BT17) and BT07 and BT15, whereas no significant differ-
ences were noted between any sample from any site and the
control sample (table 15).

Sediment pH and Specific Conductance

Estuarine and freshwater bed-sediment samples were
also analyzed for pH and specific conductance (table 16).
The pH in the estuarine samples ranged from 5.9 to 7.5
(standard units) and in freshwater samples from 3.4 to
4.5 (standard units). The highest measurements of pH in

estuarine and freshwater bed-sediment samples were at sites
BBO06 and BT01, respectively. Specific conductance values
in estuarine samples ranged from 8.24 to 98.0 mS/cm, and in
the freshwater samples, from 0.08 to 3.11 mS/cm. The high-
est measurements of specific conductance in estuarine and
freshwater samples were at BB15 (98.0 mS/cm) and BT02
(3.11 mS/em), respectively.

Organic Carbon, Total Nitrogen, and Grain Size

Percent organic carbon and total nitrogen (table 16),
as well as grain size, analyses (table 17) were performed on
all sediment samples. The organic carbon found in estuarine
samples ranged from 0.18 to 4.10 percent and from 0.14 to
55.1 percent in freshwater samples. The highest percentages
of organic carbon in estuarine and freshwater samples were
at BB15 and BTO07, respectively. The total nitrogen found in
estuarine samples ranged from 0.06 to 0.47 percent and in
freshwater samples from 0.07 to 1.17 percent. The highest per-
centages of total nitrogen in estuarine and freshwater samples
were at BB15 and BT07, respectively. Grain size analysis
determined that the estuarine samples ranged from silty clay
loam to sand, and freshwater samples ranged from sandy clay
loam to sand (table 17).
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Table 13. Statistical summary for the control and environmental bed-sediment samples collected
from sites within the Barnegat Bay, New Jersey, August-September, 2012, and analyzed for the
estuarine amphipod, Leptocheirus plumulosus, by A, percent survival rate, B, biomass,

C, individual dry weight, and D, reproduction rate used in the 28-day chronic toxicology study.

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg,
Mississippi, and archived in a project database. BB, Barnegat Bay; n, sample size; --, not applicable; NS, no significant
difference; *, significantly different from BB15 reference sample; #, significantly different from control sample]

Site Standard Standard Coefficient of variance

Remark Mean L n
name deviation error (percent)
A. Leptocheirus plumulosus percent survival rate (percent) following 28-day exposure
Control - 80.0 8.66 3.54 10.8 5
BBO1 NS 63.0 23.6 9.64 37.5 5
BB02 NS 87.0 8.37 3.42 9.62 5
BBO03 NS 77.0 18.9 7.72 24.6 5
BBO05A NS 93.0 9.75 3.98 10.5 5
BB06 NS 76.0 23.8 9.73 313 5
BBO7A NS 68.0 25.9 10.6 38.1 5
BB09 NS 78.0 11.5 4.70 14.8 5
BB10 NS 66.0 26.1 10.6 39.5 5
BBI1 NS 82.0 16.8 6.86 20.5 5
BB13 NS 72.0 16.0 6.55 22.3 5
BB15 -- 92.0 6.71 2.74 7.29 5
B. Leptocheirus plumulosus biomass (milligrams) following 28-day exposure
Control - 9.11 3.67 1.50 40.2 5
BBO1 * 9.32 4.836 1.98 52.1 5
BB02 * 14.5 5.74 2.34 39.6 5
BBO03 * 12.2 8.81 3.60 72.4 5
BBO05A * 20.3 3.62 1.48 17.8 5
BB06 * 10.7 7.97 3.25 74.5 5
BB0O7A * 18.0 8.91 3.64 49.6 5
BB09 * 10.9 3.43 1.40 31.5 5
BB10 * 8.77 5.11 2.09 58.3 5
BBI1 * 11.4 1.81 0.738 159 5
BB13 * 10.1 1.51 0.615 14.9 5
BB15 - 35.8 4.55 1.86 12.7 5
C. Leptocheirus plumulosus individual dry weight (milligrams) following 28-day exposure
Control - 0.566 0.215 0.088 38.0 5
BBO1 NS 0.814 0.531 0.217 65.3 5
BB02 * 0.824 0.314 0.128 38.1 5
BB03 * 0.746 0.404 0.165 54.2 5
BBO5SA * 1.09 0.136 0.056 12.5 5
BB06 * 0.696 0.461 0.188 66.2 5
BBO07A NS 1.22 0.410 0.167 335 5
BB09 * 0.686 0.133 0.054 19.4 5
BB10 * 0.629 0.142 0.058 22.6 5
BB11 * 0.726 0.213 0.087 29.3 5
BB13 * 0.723 0.134 0.055 18.5 5
BB15 - 1.96 0.345 0.141 17.6 5
D. Leptocheirus plumulosus reproduction (neonates/survivor) following 28-day exposure

Control - 1.28 0.887 0.362 69.4 5
BBO1 #* 0.11 0.157 0.064 148 5
BB02 NS 0.73 0.511 0.209 69.6 5
BBO03 NS 0.97 1.10 0.461 116 5
BBO05A NS 0.72 0.398 0.162 55.4 5
BB06 NS 1.18 0.821 0.335 69.7 5
BBO07A #* 0.13 0.185 0.076 140 5
BB09 #* 0.20 0.198 0.081 98.5 5
BB10 #* 0.17 0.227 0.093 137 5
BBI11 NS 1.29 0.883 0.360 68.6 5
BB13 NS 1.13 0.430 0.175 38.1 5
BBI15 - 2.98 1.41 0.580 47.5 4
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Table 15. Statistical summary for the control and environmental bed-sediment samples collected from
selected tributaries to the Barnegat Bay, New Jersey, August-September, 2012, and analyzed for the
freshwater amphipod, Hyalella azteca, by A, percent survival rate, B, biomass, and C, individual dry
weight used in the 28-day chronic toxicology study.

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg,
Mississippi, and archived in a project database. BT, Barnegat tributary; n, sample size; --, no data; NS, no significant
difference; *, significantly different from BT17 reference sediment]

Station Standard Standard Coefficient of vari-
Remark Mean . .
name deviation error ance (percent)

A. Hyalella azteca percent survival (percent) following 28-day exposure

Control -- 81.3 26.4 10.8 32.5 8
BTO1 NS 87.5 14.9 6.07 17.0 8
BT02 NS 88.8 14.6 5.95 16.4 8
BTO03 NS 86.3 7.44 3.04 8.63 8
BT04 NS 97.5 4.63 1.89 4.75 8
BTO05 NS 90.0 9.26 3.78 10.3 8
BTO06 NS 73.8 233 9.50 31.5 8
BTO07 NS 91.3 9.91 4.05 10.9 8
BT10 NS 92.5 8.86 3.62 9.58 8
BT12 NS 93.8 10.6 4.33 11.3 8
BT15 NS 91.3 13.6 5.54 14.9 8
BT17 -- 71.3 37.2 15.2 52.2 8
B. Hyalella azteca biomass (milligrams) following 28-day exposure
Control -- 1.30 0.265 0.11 20.4 8
BTO1 NS 2.80 0.625 0.26 22.4 8
BT02 NS 3.42 0.598 0.24 17.5 8
BTO03 NS 3.91 0.530 0.22 13.5 8
BT04 NS 3.92 0.770 0.31 19.7 8
BTO05 NS 3.09 0.767 0.31 24.8 8
BT06 NS 3.14 1.06 0.43 33.7 8
BTO07 NS 1.39 0.212 0.09 15.2 8
BT10 NS 3.01 0.562 0.23 18.7 8
BT12 NS 2.90 1.02 0.41 349 8
BT15 NS 1.75 0.354 0.14 20.2 8
BT17 -- 1.92 1.04 0.43 54.5 8
C. Hyalella azteca individual dry weight (milligrams) following 28-day exposure
Control - 0.175 0.058 0.024 332 8
BTO1 NS 0.320 0.051 0.021 16.0 8
BT02 NS 0.401 0.133 0.054 33.1 8
BTO3 NS 0.458 0.083 0.034 18.2 8
BT04 NS 0.402 0.082 0.034 20.5 8
BTO05 NS 0.342 0.072 0.030 21.2 8
BTO06 NS 0.430 0.059 0.024 13.7 8
BTO07 * 0.152 0.012 0.005 8.02 8
BT10 NS 0.324 0.044 0.018 13.7 8
BT12 NS 0.308 0.092 0.038 29.9 8
BT15 * 0.195 0.042 0.017 21.4 8
BT17 -- 0.269 0.039 0.016 14.6 7




Table 16. Specific conductance, pH, organic carbon, total nitrogen, and percent solids in estuarine and freshwater
bed-sediment samples collected from sites within the Barnegat Bay watershed, New Jersey,
August-September, 2012.

[Specific Conductance and pH were measured at the Academy of Natural Sciences of Drexel University, Philadelphia, Pennsylvania.
Organic carbon and total nitrogen were analyzed by the U.S. Geological Survey, Pesticide Fate Research Group, Sacramento, Califor-
nia, and percent solids were measured at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg,
Mississippi. All data archived in a project database. BT, Barnegat Tributary; BB, Barnegat Bay; mS/cm, milliseimens per centimeter
at 22.8 degrees Celsius]

Bed-Sediment-Bound Organic and Inorganic Contaminants and Toxicity

Site Date pH _ Specific conductivity Organic carbo_n Total nitrogel_l
name (standard units) (mS/cm) (percent, dry weight)  (percent, dry weight)
BTO1 8/20/2012 4.5 2.03 9.61 0.54
BTO02 8/20/2012 4.5 3.11 3.08 0.21
BTO03 8/21/2012 4.3 0.44 1.44 0.09
BT04 8/21/2012 4.0 0.68 1.52 0.12
BTO5 8/22/2012 3.9 1.80 15.5 0.70
BTO06 8/22/2012 3.9 1.64 11.6 0.53
BTO07 8/23/2012 34 0.99 55.1 1.17
BT10 9/11/2012 34 1.57 1.86 0.13
BTI12 8/23/2012 4.1 1.22 4.48 0.30
BT15 9/1/2012 4.4 1.99 12.6 0.37
BT17 9/1/2012 4.1 0.08 0.14 0.07
BBO1 8/30/2012 7.5 8.24 0.18 0.07
BB02 8/30/2012 6.4 16.4 0.85 0.13
BB03 8/28/2012 6.0 25.1 1.26 0.17
BBO5A  8/28/2012 7.2 9.40 0.89 0.14
BB06 8/28/2012 7.5 14.2 0.21 0.06
BB0O7A  8/27/2012 7.1 28.9 0.66 0.09
BB09 8/27/2012 6.8 40.6 1.83 0.17
BBI10 8/29/2012 7.1 23.8 1.05 0.14
BBI11 8/29/2012 6.9 20.9 0.56 0.10
BB13 8/29/2012 7.2 29.9 1.14 0.13
BBI15 9/1/2012 53 98.0 4.10 0.47
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Table 17. Sediment grain size, sand/silt/clay break, results
for estuarine and freshwater bed-sediment samples collected
from sites within the Barnegat Bay watershed, New Jersey,
August-September, 2012.

[Samples were analyzed at the Rutgers Soil Testing Laboratory, New
Brunswick, New Jersey, and archived in a project database. BT, Barnegat
Tributary; BB, Barnegat Bay]

Site Sand Silt Clay

name (percent) (percent) (percent) Texture
BTO1 69.4 28.5 2.10 Sandy loam
BT02 74.7 20.8 4.50 Loamy sand
BTO03 96.5 1.60 1.90 Sand
BT04 92.6 4.00 3.40 Sand
BTO05 74.5 14.8 10.7 Sandy loam
BT06 69.4 30.6 0.00 Sandy loam
BTO07 65.7 143 20.0 Sandy clay loam
BT10 90.2 5.40 4.40 Sand
BTI12 88.1 5.80 6.10 Sand
BT15 78.0 14.4 7.70 Loamy sand
BT17 98.2 1.30 0.500  Sand
BBO1 94.9 0.300 4.80 Sand
BBO02 82.4 8.00 9.60 Loamy sand
BBO03 62.8 254 11.8 Sandy loam
BBO5SA 89.8 3.40 6.80 Sand
BB06 93.6 1.60 4.80 Sand
BB07A 62.8 22.4 14.8 Sandy loam
BB09 48.8 30.4 20.8 Loam
BB10 69.8 154 14.8 Sandy loam
BB11 75.8 13.4 10.7 Sandy loam
BBI13 38.2 40.4 21.4 Loam
BBI15 18.9 47.7 335 Silty clay loam

Summary

During August—September 2012, the U. S. Geological
Survey, in cooperation with the New Jersey Department of
Environmental Protection, conducted a study to collect and
analyze samples of bed sediment from 11 freshwater and 11
estuarine sites in the Barnegat Bay watershed, New Jersey. A
suite of organic and inorganic contaminants were selected for
chemical analyses on the basis of their potential to affect sedi-
ment quality and the results of previous studies. Compounds
selected for inclusion in this study were currently-used and
legacy pesticides, trace elements, polychlorinated biphenyls
(Arochlor mixtures and individual congeners), polycyclic
aromatic hydrocarbons, and selected alkylated polycyclic
aromatic hydrocarbons. Sediment toxicity was evaluated in
sediment samples from sites within Barnegat Bay and selected
major tributaries using standard organisms appropriate for
estuarine (Leptocheirus plumulosus) and freshwater (Hyalella
azteca) toxicity testing. Survival and growth endpoints were
evaluated for all sampled sites, and reproductive effects were
evaluated for estuarine sites. Four estuarine sites were sub-
jected to additional toxicity testing (Phase I Toxicology Identi-
fication Evaluation) in an attempt to determine the source(s) of
observed reproductive effects. Sediment carbon and nitrogen,
pH, specific conductance, and grain size were measured in the
22 samples collected from the bay and selected tributaries.

A total of 20 different pesticides were detected in
estuarine and freshwater samples collected from the Bar-
negat Bay watershed, August—September 2012, 14 of which
were currently-used pesticides with concentrations ranging
from 0.3 pg/kg (estimated) (desulfinylfipronil) to 115 pg/kg
(cyprodinil), and six legacy pesticides with concentrations
ranging from 0.08 pg/kg (estimated) (4,4-DDE) to 326 ng/kg
(4,4’-DDD). One PCB Arochlor mixture, Arochlor-1254
(99.5 ng/kg), and 57 PCB congeners, were detected above
the reporting limit with concentrations ranging from
0.08 pg/kg (2,3",4,4',5-Pentachlorobiphenyl) to 13.9 pug/kg
(2,3,3",4',6-Pentachlorobiphenyl). Thirty-five PAH compounds
were detected above the reporting limit, with concentrations
ranging from estimated 1.44 pg/kg (several compounds) to
3,870 pg/kg (fluoranthene). Twenty-three of the 24 trace ele-
ments that were analyzed for, were detected above the report-
ing limit, antimony being the only one not detected.

Results of the sediment toxicity analyses for the 28-day
exposure tests showed significant decreases in the means of
biomass weight between sediment samples and the reference
sample (BB15) but not with the laboratory control sample.
Analyses of individual dry weight indicated significant
decreases in the means in 80 percent of samples when com-
pared to the mean for BB15, but no differences were observed
when compared to the laboratory control sample. A signifi-
cant decrease in reproductive endpoints was observed at four
estuarine sites—BB01, BB07A, BB09, and BB10—when
compared to the reference site sample (BB15) and the labora-
tory control sample.



The Phase I TIE results showed no statistical difference
in the means between the amended sediment samples and
the baseline samples for survival, reproduction, or individual
dry weight for 3 of the 4 sites analyzed (BBO1, BBO7A, and
BB09). For BB10, there were statistically significant differ-
ences between the means of the baseline sample and the means
of the sediment samples amended with SIR-300 or sediment
samples amended with a mixture of activated carbon and
SIR-300 for individual dry weight and survival, and the reduc-
tion of temperature for survival.

Results of pH, specific conductance, percent of organic
carbon, percent of total nitrogen, and grain size classifica-
tion were also reported. Measurements of pH (standard
units) ranged from 3.37 (BT10) to 7.49 (BB06). Measure-
ments of specific conductance ranged from 0.078 (BT17)
to 98.0 (BB15) millisiemens per centimeter at 22.8 degrees
Celsius. Measurements of organic carbon ranged from
0.14 (BT17) to 55.1 (BT07) percent (dry weight), and total
nitrogen ranged from 0.06 (BB06) to 1.17 (BT07) percent (dry
weight). Grain size classification results ranged from silty clay
loam to sand.
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Table 4. Detection levels and frequencies of detection for polychlorinated biphenyl arochlors and congeners in bed-sediment
samples collected from 11 estaurine and 11 freshwater sites within the Barnegat Bay watershed, New Jersey,
August-September, 2012.

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg, Mississippi, using the U.S. Environ-
mental Protection Agency Method 8082. png/kg, micrograms per kilogram; --, no data]

Sediment Frequencies of Detection
detection  COnIEner Estuarine Freshwater
Compound sequence  All sites . ;
levels number  (percent) sites sites
(ng/kg) (percent)  (percent)
Arochlor-1016 2.23-16.4 -- 0 0 0
Arochlor-1221 2.33-16.2 -- 0 0 0
Arochlor-1232 2.33-16.2 -- 0 0 0
Arochlor-1242 2.33-16.2 -- 0 0 0
Arochlor-1248 2.33-16.2 -- 0 0 0
Arochlor-1254 2.33-16.2 -- 5 0 9
Arochlor-1260 2.31-16.6 -- 0 0 0
2-Chlorobiphenyl 0.05-0.37 1 0 0 0
4-Chlorobiphenyl 0.05-0.37 3 0 0 0
2,2"-Dichlorobiphenyl 0.05-0.37 4 0 0 0
2,3-Dichlorobiphenyl 0.05-0.37 5 0 0 0
2,3'-Dichlorobiphenyl 0.05-0.37 6 0 0 0
2,4-Dichlorobiphenyl 0.05-0.37 7 0 0 0
2,4'-Dichlorobiphenyl 0.05-0.37 8 0 0 0
2,5-Dichlorobiphenyl 0.05-0.37 9 0 0 0
2,6-Dichlorobiphenyl 0.05-0.37 10 0 0 0
3.4-Dichlorobiphenyl 0.05-0.37 12 0 0 0
3,4'-Dichlorobiphenyl 0.05-0.37 13 0 0 0
3,5-Dichlorobiphenyl 0.05-0.37 14 9 18 0
4,4'-Dichlorobiphenyl 0.05-0.37 15 0 0 0
2,2',3-Trichlorobiphenyl 0.05-0.37 16 0 0 0
2,2 4-Trichlorobiphenyl 0.05-0.37 17 0 0 0
2,2',5-Trichlorobiphenyl 0.05-0.37 18 5 0 9
2,2',6-Trichlorobiphenyl 0.05-0.37 19 0 0 0
2,3,3'-Trichlorobiphenyl 0.05-0.37 20 9 18 0
2,3,4'-Trichlorobiphenyl 0.05-0.37 22 5 9 0
2,3,6-Trichlorobiphenyl 0.05-0.37 24 0 0 0
2,3",4-Trichlorobiphenyl 0.05-0.37 25 0 0 0
2,3',5-Trichlorobiphenyl 0.05-0.37 26 0 0 0
2,3',6-Trichlorobiphenyl 0.05-0.37 27 0 0 0
2,4,4'-Trichlorobiphenyl 0.05-0.37 28 23 45 0
2,4,5-Trichlorobiphenyl 0.05-0.37 29 0 0 0
2,4',5-Trichlorobiphenyl 0.05-0.37 31 0 0 0
2,4',6-Trichlorobiphenyl 0.05-0.37 32 0 0 0
2,3",4'-Trichlorobiphenyl 0.05-0.37 33 0 0 0
2,3",5"-Trichlorobiphenyl 0.05-0.37 34 0 0 0
3,3",4-Trichlorobiphenyl 0.05-0.37 35 0 0 0
3.,4,4'-Trichlorobiphenyl 0.05-0.37 37 0 0 0
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Table 4. Detection levels and frequencies of detection for polychlorinated biphenyl arochlors and congeners in bed-sediment

samples collected from 11 estaurine and 11 freshwater sites within the Barnegat Bay watershed, New Jersey,

August-September, 2012.—Continued

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg, Mississippi, using the U.S. Environ-

mental Protection Agency Method 8082. png/kg, micrograms per kilogram; --, no data]

Sediment

Frequencies of Detection

detection  Con9ener Estuarine Freshwater
Compound sequence Al sites . )
levels number  (percent) sites sites
(ng/kg) (percent)  (percent)
2,2'.3,3'-Tetrachlorobiphenyl 0.05-0.37 40 0 0 0
2,2'.3,4-Tetrachlorobiphenyl 0.05-0.37 41 0 0 0
2,2',3,4'-Tetrachlorobiphenyl 0.05-0.37 42 0 0 0
2,2'3,5'-Tetrachlorobiphenyl 0.05-0.37 44 5 0 9
2,2'.3,6-Tetrachlorobiphenyl 0.05-0.37 45 0 0 0
2,2',3,6'-Tetrachlorobiphenyl 0.05-0.37 46 0 0 0
2,2"4,4'-Tetrachlorobiphenyl 0.05-0.37 47 0 0 0
2,2".4,5-Tetrachlorobiphenyl 0.05-0.37 48 0 0 0
2,2'4,5'-Tetrachlorobiphenyl 0.05-0.37 49 0 0 0
2,2'4,6'-Tetrachlorobiphenyl 0.05-0.37 51 0 0 0
2,2'5,5"-Tetrachlorobiphenyl 0.05-0.37 52 5 0 9
2,2',5,6'-Tetrachlorobiphenyl 0.05-0.37 53 0 0 0
2,2',6,6’-Tetrachlorobiphenyl 0.05-0.37 54 0 0 0
2,3,3",4'-Tetrachlorobiphenyl 0.05-0.37 56 32 36 27
2,3,3',6-Tetrachlorobiphenyl 0.05-0.37 59 0 0 0
2,3,4,4'-Tetrachlorobiphenyl 0.05-0.37 60 18 9 27
2,3,4",5-Tetrachlorobiphenyl 0.05-0.37 63 0
2,3,4',6-Tetrachlorobiphenyl 0.05-0.37 64 0
2,3",4,4'-Tetrachlorobiphenyl 0.05-0.37 66 18 27 9
2,3",4,5-Tetrachlorobiphenyl 0.05-0.37 67 0 0 0
2,3',4,6-Tetrachlorobiphenyl 0.05-0.37 69 0 0 0
2,3",4',5-Tetrachlorobiphenyl 0.05-0.37 70 23 27 18
2,3",4' 6-Tetrachlorobiphenyl 0.05-0.37 71 0 0 0
2,3',5',6-Tetrachlorobiphenyl 0.05-0.37 73 0 0 0
2,4,4",5-Tetrachlorobiphenyl 0.05-0.37 74 0 0 0
2,4,4',6-Tetrachlorobiphenyl 0.05-0.37 75 0 0 0
3,3",4,4'-Tetrachlorobiphenyl 0.05-0.37 77 0 0 0
3,4,4',5-Tetrachlorobiphenyl/2,2',3,4,5'-Pentachlorobiphenyl 0.05-0.37 81/87 18 27 9
2,2'.3,3' 4-Pentachlorobiphenyl 0.05-0.37 82 5 0 9
2,2',3,3',5-Pentachlorobiphenyl 0.05-0.37 83 5 0 9
2,2'.3,3',6-Pentachlorobiphenyl 0.05-0.37 84 5 0 9
2,2'.3,4,4'-Pentachlorobiphenyl 0.05-0.37 85 5 0 9
2,2',3,4,5'-Pentachlorobiphenyl 0.05-0.37 87 0 0 0
2,2'.3.,4' 5-Pentachlorobiphenyl 0.05-0.37 90 0 0 0
2,2'.3,4' 5-Pentachlorobiphenyl/2,2',4,5,5'-Pentachlorobiphenyl 0.05-0.37 90/101 0 0 0
2,2',3,4' ,6-Pentachlorobiphenyl 0.05-0.37 91 9 9 9
2,2'.3,5,5'-Pentachlorobiphenyl 0.05-0.37 92 5 0 9
2,2'.3,5,6-Pentachlorobiphenyl 0.05-0.37 93 5 0 9
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Table 4. Detection levels and frequencies of detection for polychlorinated biphenyl arochlors and congeners in bed-sediment
samples collected from 11 estaurine and 11 freshwater sites within the Barnegat Bay watershed, New Jersey,
August-September, 2012.—Continued

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg, Mississippi, using the U.S. Environ-
mental Protection Agency Method 8082. png/kg, micrograms per kilogram; --, no data]

Sedimfent Congener Frequencies of Detection
Compound detection sequence  All sites Estl_larine Fresl_lwater
levels sites sites
(ng/kg) number  (percent) (percent)  (percent)
2,2'.3,5',6-Pentachlorobiphenyl 0.05-0.37 95 14 18 9
2,2'3,4' 5'-Pentachlorobiphenyl 0.05-0.37 97 5 0 9
2,2',4,4',5-Pentachlorobiphenyl 0.05-0.37 99 14 18 9
2,2"'.4.4' 6-Pentachlorobiphenyl 0.05-0.37 100 9
2,2"'4,5,5'-Pentachlorobiphenyl 0.05-0.37 101 0
2,2'4,5',6-Pentachlorobiphenyl 0.05-0.37 103 0
2,2'4,6,6'-Pentachlorobiphenyl 0.05-0.37 104 0
2,3,3",4,4'-Pentachlorobiphenyl 0.05-0.37 105 27 18 36
2,3,3',4',5-Pentachlorobiphenyl 0.05-0.37 107 19 27 9
2,3,3',4' 6-Pentachlorobiphenyl 0.05-0.37 110 18 27 9
2,3,4,4',5-Pentachlorobiphenyl 0.05-0.37 114 5 9
2,3,4,4' 6-Pentachlorobiphenyl 0.05-0.37 115 9
2,3,4",5,6-Pentachlorobiphenyl 0.05-0.37 117 0 0 0
2,3",4,4' 5-Pentachlorobiphenyl 0.05-0.37 118 41 45 36
2,3',4,4' ,6-Pentachlorobiphenyl 0.05-0.37 119 0 0 0
2,3,3",4',5'-Pentachlorobiphenyl 0.05-0.37 122 0 0 0
2,3",.4,4' 5'-Pentachlorobiphenyl 0.05-0.37 123 5 0 9
2,3',4',5,5'-Pentachlorobiphenyl 0.05-0.37 124 5 0 9
2,2',3,3' 4,4'-Hexachlorobiphenyl 0.05-0.37 128 9 9 9
2,2'.3,3',4,5-Hexachlorobiphenyl 0.05-0.37 129 5 0 9
2,2',3,3',4,5'-Hexachlorobiphenyl 0.05-0.37 130 9 9 9
2,2'.3,3",4,6-Hexachlorobiphenyl 0.05-0.37 131 5 0 9
2,2'.3,3',4,6'-Hexachlorobiphenyl 0.05-0.37 132 0 0 0
2,2',3,3',5,6-Hexachlorobiphenyl 0.05-0.37 134 0 0 0
2,2',3,3',5,6'-Hexachlorobiphenyl 0.05-0.37 135 5 0 9
2,2'.3,3',6,6'-Hexachlorobiphenyl 0.05-0.37 136 5 0 9
2,2'.3,4,4' 5-Hexachlorobiphenyl 0.05-0.37 137 5 0 9
2,2',3,4,4' 5'-Hexachlorobiphenyl 0.05-0.37 138 14 18 9
2,2'.3,4,5,5'-Hexachlorobiphenyl 0.05-0.37 141 0 0 0
2,2'.3,4,5',6-Hexachlorobiphenyl 0.05-0.37 144 5 9
2,2'.3,4',5,5'-Hexachlorobiphenyl 0.05-0.37 146 9 9
2,2'.3,4'5,6-Hexachlorobiphenyl 0.05-0.37 147 5 0 9
2,2',3,4',5' 6-Hexachlorobiphenyl 0.05-0.37 149 18 27 9
2,2'.3,5,5',6-Hexachlorobiphenyl 0.05-0.37 151 5 0 9
2,2'.4.4'5,5'-Hexachlorobiphenyl 0.05-0.37 153 5 9 0
2,2',4,4',5,6'-Hexachlorobiphenyl 0.05-0.37 154 0 0 0
2,3,3',4,4' 5-Hexachlorobiphenyl 0.05-0.37 156 9 0 18
2,3,3",.4,4',5'-Hexachlorobiphenyl 0.05-0.37 157 5 0 9
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Table 4. Detection levels and frequencies of detection for polychlorinated biphenyl arochlors and congeners in bed-sediment

samples collected from 11 estaurine and 11 freshwater sites within the Barnegat Bay watershed, New Jersey,

August-September, 2012.—Continued

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg, Mississippi, using the U.S. Environ-

mental Protection Agency Method 8082. png/kg, micrograms per kilogram; --, no data]

Sediment Frequencies of Detection
detection  Con9ener Estuarine Freshwater
Compound sequence Al sites . )
levels number  (percent) sites sites
(ng/kg) (percent)  (percent)
2,3,3",4,4',6-Hexachlorobiphenyl 0.05-0.37 158 5 0 9
2,3,3",4',5,6-Hexachlorobiphenyl 0.05-0.37 163 9 18 0
2,3,3",4',5,6-Hexachlorobiphenyl/2,3,3",4',5',6-Hexachlorobiphenyl 0.05-0.37 163/164 5 0 9
2,3,3',4',5' 6-Hexachlorobiphenyl 0.05-0.37 164 0 0 0
2,3,3",5,5',6-Hexachlorobiphenyl 0.05-0.37 165 0 0 0
2,3',4,4',5,5'-Hexachlorobiphenyl 0.05-0.37 167 5 0 9
2,2'3,3',4,4',5-Heptachlorobiphenyl 0.05-0.37 170 5 0 9
2,2'3,3',4,4' 6-Heptachlorobiphenyl 0.05-0.37 171 0 0 0
2,2',3,3',4,5,5'-Heptachlorobiphenyl 0.05-0.37 172 5 0 9
2,2'3,3",4,5,6-Heptachlorobiphenyl 0.05-0.37 173 18 0 36
2,2'3,3',4,5,6'-Heptachlorobiphenyl 0.05-0.37 174 0 0 0
2,2',3,3'4,5',6-Heptachlorobiphenyl 0.05-0.37 175 0 0 0
2,2'.3,3',4,6,6'-Heptachlorobiphenyl 0.05-0.37 176 0 0 0
2,2'3,3',4,5',6'-Heptachlorobiphenyl 0.05-0.37 177 0 0 0
2,2',3,3'5,5',6-Heptachlorobiphenyl 0.05-0.37 178 0 0 0
2,2'3,3',5,6,6'-Heptachlorobiphenyl 0.05-0.37 179 0 0 0
2,2'3,4,4'5,5'-Heptachlorobiphenyl 0.05-0.37 180 0 0 0
2,2',3,4,4'5,5'-Heptachlorobiphenyl/2,3,3',4,5,5',6-Heptachlorobiphenyl 0.05-0.37 180/193 5 0 9
2,2'3,4,4'5' 6-Heptachlorobiphenyl 0.05-0.37 183 0 0 0
2,2'3,4,5,5',6-Heptachlorobiphenyl 0.05-0.37 185 5 0 9
2,2'3,4'5,5',6-Heptachlorobiphenyl 0.05-0.37 187 9 9 9
2,3,3",4,4',5,5'-Heptachlorobiphenyl 0.05-0.37 189 0 0 0
2,3,3",4,4',5,6-Heptachlorobiphenyl 0.05-0.37 190 0 0 0
2,3,3',4,4'5' 6-Heptachlorobiphenyl 0.05-0.37 191 0 0 0
2,3,3".4',5,5',6-Heptachlorobiphenyl 0.05-0.37 193 0 0 0
2,2'3,3',4,4',5,5'-Octachlorobiphenyl 0.05-0.37 194 0 0 0
2,2',3,3',4,4',5,6-Octachlorobiphenyl 0.05-0.37 195 0 0 0
2,2'.3,3',4,4',5,6'-Octachlorobiphenyl 0.05-0.37 196 0 0 0
2,2'3,3',4,4',6,6'-Octachlorobiphenyl 0.05-0.37 197 0 0 0
2,2',3,3'4,5,5',6'-Octachlorobiphenyl 0.05-0.37 199 0 0 0
2,2'.3,3'4,5,6,6’-Octachlorobiphenyl 0.05-0.37 200 0 0 0
2,2'3,3',4,5',6,6'-Octachlorobiphenyl 0.05-0.37 201 0 0 0
2,2'3,3'5,5',6,6'-Octachlorobiphenyl 0.05-0.37 202 0 0 0
2,2'.3,4,4'5,5' 6-Octachlorobiphenyl 0.05-0.37 203 0 0 0
2,3,3",4,4',5,5',6-Octachlorobiphenyl 0.05-0.37 205 0 0 0
2,2',3,3',4,4'5,5',6-Nonachlorobiphenyl 0.05-0.37 206 0 0 0
2,2'.3,3'.4,4',5,6,6'-Nonachlorobiphenyl 0.05-0.37 207 0 0 0
2,2'3,3',4,5,5',6,6'-Nonachlorobiphenyl 0.05-0.37 208 0 0 0




27

Table 8

pu pu pu pu pu pu pu zoy1/6  siad
pu pu pu pu pu pu pu T0z/6T/8  €ldd
pu pu pu pu pu pu pu C10T/67/8 1dad
pu pu pu pu pu pu pu TI0T/6T/8 oldd
pu pu pu pu pu pu pu TI07LY8  60dd
pu pu pu pu pu pu pu TI07/LT8  viodd
pu pu pu pu pu pu pu 7107878 90dd
pu pu pu pu pu pu pu T107/87/8  vsodd
pu pu pu pu pu pu pu 7107878 €odd
pu pu pu pu pu pu pu T107/06/8  zodd
pu pu pu 01z pu pu pu z107/0€/8  109d
pu pu pu pu pu pu pu c1oe/1/6 L1Ld
L't pu pu pu pu LIg pu zoy1/6  siid
pu pu pu e pu $'s p'6€ Tl0z/sys  Tlld
pu pu pu pu TS I'e pu TI0Z/11/6  011d
pu pu pu pu pu 8'8 pu Ti0T/ET/s Lold
pu Ty Tl pu pu TL pu TI07/zy8  901d
ord SII pu pu pu pu pu Tl0z/cT8 sold
pu 6T pu pu 9L ¢ pu TI0T/17/8  pold
€0d s1d pu pu 61 pu pu TI07/17/8  €o0ld
pu pu pu pu pu pu pu T107/0T/8  Told
60H pu pu pu 8'6 pu pu Z107/0/8  10ld
lluoidyjAuynsag [luipoidA l1uojey0i0jy) [hieqieg uLyuayg 101yaely auiueOIOIGSE o h omed

fuijdwesg a)sg

[31wun] wOROSIOP Ay} MO[q dNJBA PAJBWNSI “H SUONBNUIIUOD WINWIXBW SAJBIIPUI ‘p[oq 1] Suniodar 9A0qe Pajasldp jou ‘pu Aeq jedoureq ‘gq Aenquy jedoureq ‘1d oseq
-eyep 103(01d & ur paArydIR pue ‘eruiojie) ‘ojudweIdes ‘dnoin) yoreasay e IpIdNsSad AAING [BII30[030) ‘S ) Ay} 18 pazA[eur a1om sajdwes yFrom A1p ‘weisory 12d swerSo1drw ur 218 SUOBINUIIU0D [[V]

‘710z 1aqualdag—isnbny ‘Aasiar maN
‘paysJaiem Aeg 1efauieg ayl ulylm Salis Wolj palas||0d sajdwes Juawipas-paq JaleMYSal) pue aulienisa ul sapionsad pasn-Ajjualind pajaslap Jo SUOIBIIUBIUOY) g d|qel



pu 08 pu pu pu pu pu c10Z/1/6 s1dd
pu pu pu pu pu pu pu C107/6¢/8 cldd
pu pu pu pu pu L'cT pu c107/6¢/8 rag
pu pu pu pu pu pu pu 102/67/8 ordad
pu pu pu pu pu pu pu Cl0T/LT/8 60dd
pu pu pu pu pu pu pu CcloT/Le/8  vLIodd
pu pu pu pu pu pu pu 102/8¢/8 904dd
pu 0T’L pu pu pu S1d pu Ccl107/8¢/8  vsodd
pu pu pu pu pu pu pu c107/8¢/8 €0dd
pu pu pu pu pu pu pu ¢102/0¢/8 c0dd
pu pu I'rd pu pu pu pu 107/0¢/8 rogd
pu pu pu pu pu pu pu c10¢/1/6 L1149
pu pu pu pu pu pu pu c10Z/1/6 SILd
pu pu 89 pu pu €Sl pu c10T/€e/8 [4RAS|
pu pu pu pu pu L9 pu clog/1/e (UINRS
pu pu pu pu pu pu pu C107/€7/8 L0Ld
pu pu pu eyl pu pu pu 10T/Te/8 90.Ld
pu pu pu pu pu 98¢ pu c10c/Te/8 soLd
pu pu LT 0°LT 6°CC 9 pu c102/1¢/8 y0Ld
pu pu pu (43 pu pu pu cl1oT/1¢/8 £0.Ld
1'€T pu 06'C pu pu pu pu 102/0¢/8 c0Ld
pu pu pu 9°7C pu ol Tt ¢102/02/8 roLd
ajozeuoanu) uigonsojaeird uknawoid uijeyiawipuad uaponjjhxg 1Axejelapy apyns j1uosdiy aiep awey

fuijdwesg a)sg

Characterization of Selected Contaminants and Toxicity, Barnegat Bay and Major Tributaries, New Jersey, 2012

28

[3rwun] wOROSIOP Ay} MO[q dNJBA PAIBWNSI “H SUONBNUIIUOD WINWIXBW SABIIPUI ‘p[oq 1] Suniodar 9A0qe Pajaoldp jou ‘pu Aeq jedoureq ‘gq Aenqu] jedoureq ‘1d oseq
-ejep 103(01d & ur paAIydIR pue ‘eruIojie) ‘OjudweIdes ‘dnoin) yoreasay e IpIdNSad AAING [BII30[030) ‘S () Ay} 18 pazA[eur a1om sajdwes yFrom A1p ‘weiSory] 12d swerSo1drw ur 218 SUOBNUIIU0D [[V]

panunuo)—¢10g “1equaldag—isnbny ‘Aasiap ma
‘paysJaiem Aeg 1efauieg ayl ulylm Salis Wolj palas||0d sajdwes Juawipas-paq JaleMYSal) pue aulienisa ul sapionsad pasn-Ajjualind pajoslap Jo SUOIBIIUBIUOY) g 3|qel



29

Table 10

pu pu 91 pu pu pu pu pu Croz/1/6 siad
pu pu 19°0 pu pu pu LEO pu Cr0T/6¢/8 €rdad
pu pu 8C°0 pu pu pu LE0 pu C10T/6T/8 rdad
pu pu 1€0 pu pu pu pu pu Ccroz/6c/8 - oldd
pu pu €60 LT°0 (4] pu pu pu cloT/LT/8  60dd
pu pu pu pu €T0 pu pu pu CloZ/LT/8  viodd
pu pu pu pu pu pu pu pu clog/8e/8 90dd
pu pu pu pu pu pu pu pu C¢r10T/8¢/8  vsodd
pu pu pu pu pu pu pu pu Cl0T/8¢/8 €0dd
pu pu pu pu pu pu pu pu cl1oc/0e/8  codd
pu pu pu pu pu pu pu pu C10T/0¢/8 rogd
pu pu pu pu pu pu pu pu cLoz/1/6 L1Ld
pu pu pu pu pu pu pu pu Croz/1/6 SILd
pu pu pu pu pu pu pu pu [A0AY% clid
pu pu pu pu pu pu pu pu Cloz/11/6 orLd
pu pu pu pu pu pu pu pu [AAY% L0Ld
pu pu pu pu pu pu pu pu CroT/ce/8 90149
pu pu pu pu pu pu pu pu croT/ce/8 soLd
pu pu pu pu pu pu pu pu CcroT/1e/8 y0Ld
v'e Ve pu pu pu pu pu $'66 Ccroz/1e/8 €014
pu pu pu pu pu L1 pu pu C10c/0T/8 coLrd
pu pu pu pu pu pu pu pu Cr0z/0e/8 roLd
(2s) (v0) (82) (@) (02) (81) (v1) swen
_>:&F_a__no._c_p_um._uc._. _>=0__~__n_o._°___um.=0._. _>=w—_.__~_o._o_—_u_._._. _>:¢—_n__a_?_o_—_u_._._. _>=w—_.__~_o._o_—_u_._._. _>:¢—_n__a_o._o_—_u_._._. _>:¢—_n__a_o._o_—_u_ﬂ $GZL-10]ya01y ajeq aug

-5'6'.2'C

-S€.27¢

o axA

-b'ee

-£'€T

6.2

5

[uonenUEoU0d WNWIXEW $3JBIIPUI ‘P[Oq <BIEp OU “-- :pajodarjou YN Jwi] Funiodar oA0qe Pajodlap Jou ‘pu Aeq jedoureq ‘gq Aremnqui] jesoureq ‘g 1oqunu douanbas 1ouasuod () -oseqeiep
103fo1d & ur paaryore pue ‘1ddissISSIJA ‘SINGSOIA 13U Judwdo[oAd pue Yo1edasay 1edurduy ‘s1oaurduy jo sdio) Aury *S ) 2y} je pazAjeue 21om sojdweg ‘werdo[ny Jod sweloIomu ul 21e SuonenuaduUod V]

710z “aqualdag—isnbny ‘Aasiap map ‘paystalem Aeg 1ebauleg
3y} UIYUM SB)IS WOJ) palaa||09 sajdwes Juawipas-paq JaleMysal) pue aulienisa ul siauabuod pue siojyaole jAuaydiq psieuriojyaAjod pajoslap Jo suoiesjuasuo) gl ajqer



Characterization of Selected Contaminants and Toxicity, Barnegat Bay and Major Tributaries, New Jersey, 2012

30

pu pu pu pu 060 pu 'l 'l c10¢/1/6 sidad
pu pu pu pu pu 1o pu 6€0 10¢/6T/8 €rdd
pu pu pu pu pu pu pu pu 10¢/6T/8 1dd
pu pu pu pu pu pu pu pu 10¢/62/8 ordad
pu pu pu pu S0 0¢€0 pu STo Cc10T/LT/8 60dd
pu pu pu 6C0 S0 010 pu 620 ¢10T/LT/8  vLodd
pu pu pu 01°0 pu pu pu pu C10¢/8¢/8 90dd
pu pu pu 0T0 pu pu pu pu C107/8¢/8  vsodd
pu pu pu pu pu pu pu pu C10¢/8¢/8 codd
pu pu pu pu pu pu pu pu 10T/0¢/8 codd
pu pu pu pu pu pu pu pu 10¢/0¢/8 rodad
pu pu pu pu pu pu pu pu c10¢/1/6 L1149
pu pu pu pu pu pu pu pu c10Z/1/6 [SIRRS
pu pu pu pu pu pu pu pu C10T/€T/8 clLd
pu pu pu pu pu pu pu pu c10e/11/6 0rLd
pu pu pu pu pu pu pu pu c10T/€T/8 L0149
pu pu pu pu pu pu pu pu C10T/TT/8 90Ld
pu pu pu pu pu pu pu pu 10¢/ce/8 soLd
pu pu pu pu pu pu pu pu C10T/1¢/8 70149
8P L0 (! 6L 8V S ! (4 LLO c10¢/1e/8 £0.Ld
pu pu pu pu pu pu £C LY'0 C102/02/8 c0L1d
pu pu pu pu € pu 901 Tl 10¢/02/8 10149
(L8/18)
(v8) (€8) (28) 1Auaydiqoiojyaejuay (0z) (99) (09) (96) aweu
|Auaydiqosojyorjuag Auaydiqosojyoruad jAuaydigoiojyaeuag -5 |Auaydiqosojyoena)  jAuaydiqosojyoena)  jAuaydiqoiojysenay  jAuaydigoiojyaenag ajeq
-9'€'€'.2C -G €'€.2T v'.£'€.2T N'huaydigoiojyoenay -6'b.€'C -v'v'.ET -v'r'e'e -V .E'€eT s

S.b'h'e

[uonenUEoU0d WNWIXEW $3JBIIPUI ‘P[Oq <BIEp OU “-- :pajodarjou YN Jwi] Funiodar oA0qe Pajodlap Jou ‘pu Aeq jedoureq ‘gq Aremnqui] jesoureq ‘g 1oqunu douanbas 1ouasuod () -oseqeiep
103fo1d & ur paaryore pue ‘1ddissISSI|A ‘SINGSYOIA 13U Judwdo[oAd pue Yo1edasay 1edurduy ‘s1odurduy jo sdio) Aury *S ) 2y} je pazAjeue 21om sojdweg ‘wieido[ny Jod sweloIomu ul 218 SUuonenuaduUod V]

panuiuo)—¢10g “1equaldag-isnbny ‘Aasiap map ‘paysiaiem Aeg 1ebauleg
3y} UIYUM SB)IS WOJ) palaa||09 sajdwes Juawipas-paq Jalemysal) pue aulienisa ul siauabuod pue siojyaole jAuaydiq psieuriojyaAjod pajoslap Jo suoiesjuasuo) gl ajqer



31

Table 10
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Appendix 1. Quality Assurance Project Plan.

The plan is presented as developed for, and accepted by, the U.S. Geological Survey and the New Jersey Department of
Environmental Protection for their cooperative study titled “Characterization of selected contaminants and determination of
toxicity of bed sediments—Barnegat Bay and tributaries.”

Site names in tables 2-3 have minor differences when compared with table 1 in the main report. The final site names as
established for the U.S. Geological Survey National Water Information System are as presented in table 1 in the main report.

Auvailable for download at Attp.//dx.doi.org/10.3133/ds/867.

Appendix 2. Initial weight data for the estuarine amphipod,
Leptocheirus plumulosus, and the freshwater amphipod,
Hyalella azteca, in bed-sediment samples from the Barnegat Bay
and tributaries, August—September, 2012.

[mg, milligrams]

Pan Nun_lber of P?" Pan and a_nimal Individ_ual
number animals weight dry weight dry weight
on pan (mg) (mg) (mg)
Leptocheirus plumulosus
1 20 82.3 82.7 0.024
2 20 89.5 89.8 0.015
3 20 91.5 92.1 0.028
4 20 96.6 97.0 0.020
Mean: 0.021
Standard deviation: 0.005
Hyalella azteca
1 10 71.3 71.5 0.025
2 10 73.5 73.7 0.026
3 10 60.6 61.0 0.034
4 10 67.8 68.1 0.038
5 10 68.0 68.3 0.031
6 10 71.3 71.5 0.028
7 10 71.9 72.3 0.032
8 10 69.4 69.7 0.029
Mean: 0.030

Standard deviation: 0.004
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Appendix 4 49

Appendix 4. Endpoint data for the 28-day sediment chronic toxicology study (percent survival, reproduction (neonate/survivor),
biomass, and individual dry weight) for the freshwater amphipod Hyalella azteca in bed-sediment samples collected from selected
tributaries to Barnegat Bay, New Jersey, August—-September, 2012.

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg, Mississippi. mg, milligrams; BT,
Barnegat Tributary]

Site . . Survival Nun.1ber of szm Pan and a.nimal Rgplicate Mii?;ilv?::lr:lal
name Replicate  Survival (percent) am_mals weight dry weight biomass dry weight

weighed (mg) (mg) (mg) (mg)
Control A 8 80 8 63.0 64.2 1.28 0.160
Control B 4 40 4 68.4 69.4 1.06 0.265
Control C 10 100 10 76.0 77.6 1.58 0.158
Control D 4 40 4 74.0 75.0 1.02 0.255
Control 13 10 100 10 67.3 68.2 0.952 0.095
Control F 10 100 10 72.8 74.2 1.48 0.148
Control G 10 100 10 68.8 70.2 1.36 0.136
Control H 9 90 9 57.5 59.2 1.64 0.183
BTO1 A 10 100 10 60.5 63.4 2.87 0.287
BTO1 B 8 80 8 65.7 68.7 2.99 0.374
BTO1 C 10 100 10 63.0 66.7 3.69 0.369
BTO1 D 10 100 10 69.8 72.7 2.89 0.289
BTO1 E 80 8 62.2 64.1 1.88 0.234
BTO1 F 80 8 67.7 70.7 3.04 0.380
BTO1 G 60 6 67.8 69.6 1.87 0.312
BTO1 H 10 100 10 56.4 59.5 3.15 0.315
BT02 A 10 100 10 68.1 71.4 3.27 0.327
BTO02 B 10 100 10 69.5 73.4 3.85 0.385
BT02 © 9 90 9 64.7 66.9 2.21 0.246
BT02 D 6 60 6 55.7 59.8 4.01 0.669
BT02 15 8 80 8 60.7 64.8 4.03 0.504
BT02 R 10 100 10 67.9 71.0 3.10 0.310
BT02 G 10 100 10 69.6 73.1 3.47 0.347
BTO02 H 8 80 8 56.5 59.9 3.37 0.421
BTO03 A 10 100 10 54.9 58.6 3.77 0.377
BTO03 B 8 80 8 63.7 67.6 3.88 0.485
BTO03 C 9 90 9 65.6 68.9 3.28 0.364
BTO03 D 9 90 9 60.2 63.3 3.10 0.344
BTO03 E 8 80 8 56.9 61.2 4.31 0.539
BTO03 F 8 80 8 65.9 70.3 4.40 0.550
BTO03 G 9 90 9 76.6 81.2 4.60 0.511
BTO03 H 8 80 8 60.8 64.8 3.98 0.497
BT04 A 9 90 9 56.8 61.7 4.85 0.539
BT04 B 9 90 9 75.5 78.3 2.80 0.312
BT04 © 10 100 10 55.1 59.0 3.94 0.394
BT04 D 10 100 10 69.5 73.8 4.40 0.440
BT04 E 10 100 10 75.9 79.9 4.03 0.403
BT04 E 10 100 10 66.8 71.6 4.83 0.483
BT04 G 10 100 10 57.4 60.8 3.40 0.340
BT04 H 10 100 10 64.2 67.3 3.08 0.308
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Appendix 4. Endpoint data for the 28-day sediment chronic toxicology study (percent survival, reproduction (neonate/survivor),
biomass, and individual dry weight) for the freshwater amphipod Hyalella azteca in bed-sediment samples collected from selected
tributaries to Barnegat Bay, New Jersey, August—-September, 2012.—Continued

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg, Mississippi. mg, milligrams; BT,
Barnegat Tributary]

Site . . Survival Nun.1ber of P?n Pan and a.nimal Rt?plicate Miﬁ?ililv?g::lal
name Replicate  Survival (percent) am_mals weight dry weight biomass dry weight

weighed (mg) (mg) (mg) (mg)
BTO05 A 9 90 9 72.5 74.7 2.22 0.247
BTO5 B 10 100 10 71.1 74.5 3.41 0.341
BTO05 C 8 80 8 57.3 59.3 2.00 0.250
BTO0S5 D 10 100 10 69.3 73.3 3.99 0.399
BTO0S5 E 8 80 8 56.9 60.4 3.51 0.439
BTO0S5 F 90 9 64.6 68.2 3.63 0.403
BTO05 G 10 100 10 62.6 66.2 3.59 0.359
BTO5 H 80 8 78.4 80.8 2.36 0.295
BTO06 A 50 5 71.7 73.7 2.03 0.405
BTO06 B 30 3 66.6 68.0 1.47 0.490
BTO06 © 9 90 9 65.7 68.8 3.10 0.344
BTO06 D 10 100 10 63.5 68.3 4.79 0.479
BTO06 g 8 80 8 64.2 67.9 3.75 0.469
BT06 I&i 7 70 7 58.1 60.9 2.82 0.403
BTO06 G 8 80 8 58.0 61.9 3.91 0.489
BTO06 H 9 90 9 68.5 71.7 3.26 0.362
BTO07 A 10 100 10 59.5 60.9 1.42 0.142
BTO07 B 8 80 8 65.1 66.2 1.10 0.138
BTO07 C 8 80 8 66.3 67.6 1.34 0.168
BTO07 D 10 100 10 63.2 64.8 1.59 0.159
BTO07 E 8 80 8 60.7 61.7 1.08 0.136
BTO07 F 10 100 10 62.9 64.6 1.64 0.164
BTO07 G 9 90 9 73.5 74.9 1.39 0.154
BTO07 H 10 100 10 68.1 69.7 1.57 0.157
BT10 A 9 90 9 68.8 72.2 3.46 0.385
BT10 B 10 100 10 71.7 74.9 3.20 0.320
BT10 © 80 8 65.5 68.1 2.61 0.327
BT10 D 90 9 62.2 64.6 2.48 0.276
BT10 18 80 8 59.5 61.7 2.22 0.277
BT10 F 10 100 10 71.2 74.0 2.80 0.280
BT10 G 10 100 10 65.3 68.9 3.57 0.357
BT10 H 10 100 10 64.6 68.3 3.75 0.375
BT12 A 10 100 10 71.9 74.9 3.00 0.300
BT12 B 9 90 9 68.9 70.9 2.01 0.223
BT12 C 10 100 10 68.0 70.7 2.76 0.276
BTI12 D 10 100 10 64.4 66.9 2.48 0.248
BTI12 E 10 100 10 70.3 75.5 5.23 0.523
BTI12 F 90 9 73.1 76.0 2.89 0.322
BT12 G 70 7 71.8 73.9 2.02 0.289
BT12 H 10 100 10 69.1 71.9 2.84 0.284
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Appendix 4. Endpoint data for the 28-day sediment chronic toxicology study (percent survival, reproduction (neonate/survivor),
biomass, and individual dry weight) for the freshwater amphipod Hyalella azteca in bed-sediment samples collected from selected
tributaries to Barnegat Bay, New Jersey, August-September, 2012.—Continued

[Samples were analyzed at the U.S. Army Corps of Engineers, Engineer Research and Development Center, Vicksburg, Mississippi. mg, milligrams; BT,
Barnegat Tributary]

Site . . Survival Nun.1ber of szm Pan and a.nimal Rt?plicate Miﬁ?iri'v?:lllr:lal
name Replicate  Survival (percent) am_mals weight dry weight biomass dry weight
weighed (mg) (mg) (mg) (mg)
BT15 A 10 100 10 66.8 68.2 1.42 0.142
BT15 B 6 60 6 65.7 67.1 1.38 0.230
BT15 @ 90 9 66.5 68.4 1.90 0.211
BTI15 D 10 100 10 57.2 59.3 2.16 0.216
BTI15 I8 10 100 10 65.7 67.0 1.28 0.128
BT15 F 10 100 10 61.6 63.3 1.74 0.174
BT15 G 9 90 9 51.3 53.4 2.03 0.226
BT15 H 90 9 69.3 71.4 2.12 0.236
BT17 A 90 9 583 60.2 1.86 0.207
BT17 B 10 100 10 50.4 53.1 2.70 0.270
BT17 C 4 40 4 479 48.9 0.978 0.245
BT17 D 10 100 10 56.4 59.2 2.81 0.281
BT17 E 0 0 58.1 0.0 0.000 0.000
BT17 F 9 90 9 59.2 61.4 2.26 0.251
BT17 G 10 100 10 60.3 63.4 3.11 0.311
BT17 H 5 50 5 60.1 61.7 1.60 0.319
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